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PREFACE. 


The following report on malaria in relation to the 
agricultural conditions of Bengal is submitted fbr the 
information of the Government of Bengal. 


^Al.ClTTTA, 

Wkitkhs’ Buii.dinus 


(’has. *A. Bentley. 


The 20th March 
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Malaria and Agriculture in Bengal 


INTRODUCTION. 

Malaria and Agrloulture. 

*‘*Only the greatest jvilderness or the most complete culture of 
the land protects a district from malaria.” 

Aschenfeldt. 

'* The neglect of cultivation of the soil a’nd. the decay of land 
recently built on are conducive to malhria, -whereas, on the contrary, 
a rational culture of the soil oauses the gradual disappearance of 
malaria.” 

SCHEtJBE. 

“ Experience teaches that the soil is the more insalubrious the 
less it is cultivated. In the cultivation of the soil, we include 
several factors, namely, the regulation of the ground moisture by 
canalisation, drainage, etc., the growing of plants, which, by using'up 
the water, contribute to the drying of the soi>, and finally, the 
number of the population, etc.” 

* MANNABEhG. 


1 -Malaria and Agricultural Dcolinc. 

A close association has always been recognised between 
malaria and agricultural conditions, and it lias long be<*i 
knowli that a groatly increased prevalence of the disease 
almost invariably accompanies the.decay of agriculture and 
tho docline of cultivation. For example, Pliny, in his 
Natural History, writing of malaria in ancient Italy, records 
that : 

“ The J'ontim* marshes were anciently a fertile and well* 
cultivated plain occupied by twenty-four villages, but towards the 
close of the republic gradually fell iuto their present condition, owing 
to the decline of agriculture" 

A similar explanation has been given^of* the increase* ol 

malaria in the Tuscan Maremma : 

• • 

“During the Etruscan period, it possessed several considerable 
towns, fmt on the decline of agriculture in Italy and the conversion 
of tW farms’ intft pastur^ lands, tub desolation of the coast districts 
ma is rapid progress.” 



■ Of the Homan Carppagnit alao, it is stated : — 

“ Once a densely-peopled' land with numerous and prosperous 
towns, it is now a dreary wuska, of which barely One-tenth part is 
furrowed by the plough share. In May, when malaria begins, to 
prevail, herdsmen and cattle retire to the mpuntains ; while the few 
individuals, who are compelled to remain tyehind, lead a miserable 
and fever-Btricken'existence. f The caase of this change dates 'Srom 
as remote a period as the last centuries of the republic, whenHhe 
independent agricultural population whs gradually displaced by 
proprietors of the iar^e estates and pastures. This system inevft&bly • 
entailed the ruin of the country, for a dense population and a high ( 
degree of culture alone can avert the malaria which iB produced by 
defective drainage and the collection of^stagnant water in the 
nndnlating and furrowed volcanic soil.” 

< 

2. The gre^t epidemic of mafaria in Mauritius and 
Reunion in 1867 followed a deterioration of agrieulturo. 
Hirsch points out, when describing this outbreak, that — 

“ The coast and level country of the Mauritius, which formerly 
afforded a rich soil for the growing of coffee, indigo and cotton, had 
been gradually allowed to go out of cultivation and* had become 
entirely barren.” 

, € “ Mauritius is over-drained,” says one of the reports on the 
epidemic, “ the localities which are the driest, and where health and 
agriculture suffer* most, t being low lands on the eastern, north- 
western and northern coasts.” .... 

“ Meanwhile, the yield of sugar estates on and near the eastern,* 
north-western and northern coasts began to decline afid, their 
unproductiveness continuing to increase, some of them were at 
length. abandoned. Since 1864 or 1865, about 85 sugar houses on 
the low land have been closed and extensive plains, whioh at one 
time were highly fertile, jre now barren. The preseut sterility of 
those lands is generally ascribed to want of sufficient moisture. It 
is said that, owing to the clearings which have been made on the 
^ievate J lands to wiudward, the soil and air on the low lauds to 
leeward have become too hot and above all too dry for sugarcane. 
Others again, while not disputing that diboisement on the high land 
has produced injurious effects on the low lands, consider that the 
principal cause of the sterility is exhaustion of that soil induced by 
long continued cultivation of the same plant.” 


Wmc\\ &**oc\a\,ed tfie increase of maWva m 
Georgia ('T3. S. A.) with very similar conditions :-*• 

In Vjleorgia, the disease prevails widely and in sovere forms, not 
only in the nnmorous creeks of the coast, but also in the interior, the 
neglect of agriculture having greatly conduced in quite recent times, 

Jn£emTc“ve?’ a < in the amonnt and ot 

at Vh T Z™ land,” 'says Winwbod HoSde, “ in abundance 

•at the South ; but it was dead. ‘Their style of agriculture woe 
precisely that which is pursiAd in Central Africa, f They .took a 
tract from the wilderness and planted 4 it again and again a^with 
cotton and tobacco till it gave up the ghost andt would yield no more * 



They then moved on and took in pother piece. Obliged to spend 
all their cash in baying prime slaves V two ’hundred pounds a piece, 
they conld not afford to use manure or*to rotate their crops. ..... 
The Northerner, ’who travelled down South, was astonished to find 
that the cities of the maps were villages and the villages clusters of 
log haja. Fields covered jvith weeds and moss-groufa ruins showed 
where farms once flouri|hing had been.” 

•^orcorn, writing in 1874 regarding ’the remarkable 
increase of malaria in the Southern States of the Union, 
remarks : — 

V before the war, the Southern States were in a* high state of 
cultivation and the lands thoroughly drained ; hence the malignant 
'forms of malarial disease % as a general rule wore not known, except 
ill very low, badly-drained swamp lands. Within the past eight 
years, owing to so much "land lying waste, defective drainage and 
the general insanitary condition of the«country, the malarial poison 
has acted with intense virulence and caused the disease we are now 
considering.” 

4. At a much lator date, Laverau, when describing 
the malariols districts of Franco, states that : 

“La Sologue florissante sous Henry IV 6tait devenue an oomj 
mencement do ee ai^cle, a la suite de l’abandon de la culture da sol, 
une des regions les plus miserables et les plu# insalabres de la 
^France.” 

• t 

5. •The passages quoted above emphasize the over- 
whelming importance of cultivation of the soil in relation 
to malaria, and with good reason, for the question of, rural 
malaria is so closely bound up with that of agriculture that 
the one cannot be properly nncterstood without some 
knowledge of the other. Moreover, as will bo shewn later 
there are grounds for believing that the mitigation an% 
prevention of malaria in the rural districts of Bengal, i 
problem for which no adequate .solution h^s yet beei 
suggested, may eventually be secured by measures, design- 
ed as much for preserving or restoring agricultural pros- 
perity as for directly dealing with malaria. 



CHAPTER 1, 


Malaria and Agriculture la Bengal, 


a— Public Mnitk In afntfnl. 

* I ' 

6. In Bengal, where the bulk, of the people are depen- 
dent upon agriculture,' low death-rates and good health, 
•accompany agricultural prosperity and high mortality and 
bad health on the contrary are as clearly associated , with ’ 
evidence of agricultural deterioration.* This may bo seen 
by comparing statistics rogarding the health of the res- 
pective populations in the fouv great natural divisions of 
the province with certain figures reflecting the agricultural 
conditions prevailing in the same* areas. In the decade 
1901-11^ the mean annual birth and death rates in each of 
the four natural divisions, viz., Western Bengal, Central 
Bengal, Northern Bengal and Eastern Bengal, were as 
folh&vs : — 
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7. In the first throe of the divisions, the death-rate 
during the decade* was considerably in oxeesT (18 to 28 
per cent.) of that in Eastern Bengal, whereas the birth- 
rate in Eastern Bengal was much higher than in cither 
\fihj8tern or Central Bengal. As a direct result, the rate 
of natural increase of the population in Eastern Bengal 
was very mucli higher* than elsewhere /rod nearly eight 
*/m ea greatcr t * ian that «f the Bnrdwan Division - 
uVestern Bengal). The tptal expansion of population in 
Eastern Bengal during the decade was otter 12 per •*»*•», 
a figure far in excess of that in any of She* remaining three 
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8. For many years past, the growth iof .population in 
Western and Central Bengal has undergone a serious chock 
owing to diminished birth-rates and excessive mortality. 
The lactors mainly responsible for this condition are malaria 
and economic Stress resulting from agricultural decline. 
These factors are known to be specially destructive, of 
child life, and the proportion of children under ten in the 
different natural divisions reflects their influence very-’ 
clearly in the case of both Western and Central Bengal. 
In the districts of Western Bengal, the percentage < of 
children hi the population varies from 23*9 per oent. to 
27*2 per cent., m Central Bengal from 27*1 per cent, to 
30*3 per cent., in Northern Bengal from 26*6 per cent* to 
35*0 per cent., and in Eastern Bengal from 29*1 per cent, to 
34*7 per cent. 
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10. Tlio lower death-rate, higher birth-rate and more 
rapid growth of population in Eastern Bepgal are due to 
tl^) relatively better health and greater agricultural pros- 
perity of this natural division. This has received recogni- 
tion in the report of the Census of India for 1911 in the 
following.ptfesage ♦ — 

•'‘Of the four natural divisions, the largest increase has occurred 
in East Bengal, where it is due entirely to natural grt>wlh. This 
tract is perhaps the healthiest m the province. It lies mainly in the 
joipt delta of the (tinges and Brahmaputra rivers, where tho fertility 
of the soil is replenished yearly by fresh deposits of silt.*’ 


3— Malaria In Bengal. 

11. The lessened incidence of malaria in Eastern 
Bengal is the main causo of its better health. Malarial 
fever is at least three times more prevalent in Northern 
Bengal, four times more prevalent in Central Bengal and 
five times more* prevalent in Western Bewgal than in 
Eastern .Bengal. The fever indices of tho four natural 
divisions are given below : — 
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4— Agricultural Prosperity In Bengal. 

12. As regards agricultural prosperity, wo find that 
during tbo decade 1901-11, agricultural conditions 
generally wore much more favourable in Eastern Bengal 
than elsewhore. For example, whereas tho outturn of the 
principal food crops fell short of the normal by 21'8 per 
cent, in Western Bengal, 21 per cent, in Central Bengal 
and 1 typer cent, in Northern Bengal, the deficiency in 
E&stern Bengal was* only *7'2 per cent. Land was also 
more widely cultivated in Eastern Bengal and the proportion 



of fallows very much lens than elsewhere, as may be 
aOeu from the figures quoted below : — 
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13. The factors which mainly determine the outturn 
of crops, thus governing the agricultural prosperity of 
different areas in Bengal aro : (1) the rolative fertility of 
the soijv (2) adoqu&te and seasonal rainfall atid^3) liability 
to owrichieig inundations with silt-boaring river water. 
Two of theso factors, rainfall and inundations — also 
exert an important influence upon malaria, heavy rainfall 
and widespread inundation of the land surface tending to 
dheck the bredcung of abophelos mosquitoes, whoroas short 
rainfall amt scanty inundations favour thoir ^'noroasu. 
.Ffonco tho relative prevalence of malaria ijs largely influ- 
enced by the same conditions which determine e»her a 
good op a b^d harvest. 
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5—Falft* w Mind In —nidi . 

14. The soil in Eastern^ Bengal is so muoh more 

fertile than that in the otjier 4> lfafforal divisions that land 
rarely needs to lie fallow. The Director of Agriculture 
stated m 1908 : — • 

"O I fallow land in the European &ense, the/6 is practically 
none in Eastern Bengal, for cultivated fields are never intentionally 
given a rest. When a field Is not cropt^d, 4 ie simply because, 
owing' to flood, drought or personal reasons, the raiyat is unable to 
cultivate it. The percentage of ‘ cultivated * land which in any 
year 4»sars no crop at all is always very small. . . # . In a 
normal* year it may, I # think, be safely said that the area of 
current fallow in Eastern Bengal does not exceed one per cent . 
of fhe cultivated area.** 

15. A comparison of the proportions oTcurreni fallow 
and cultivable waste in* four typical districts of Eastern 
Bengal in 1911 with the corresponding figures for certain 
districts in Central and Wostern Bengal serves to give 
some idea of fche rolative fertility of these different areas. 
The figures quotod below show how much more favour- 
ably placed m respect of fertility the districts of Eastern* 
Bengal are than those belonging to the qther natural 
divisions — 
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' 16. The causes both of the perennial fruitfulness of 
Eastern Bengal and the relative infertility of the westorn 
portion of t^e delta are well ‘known. We read in .tho 
Statistical Acoount of Bengal that, “ lands adjacent to 
rivers, or watered by them, do not require manure, but 
other lands do, "‘“that l6w lands which are annually flooded 
do not require to lie, fallow in* order to preserve, their 
fertility", and that in Eastern Bengal, rotation of crops is 
nowhere, practised, nor can it bo said to be required, as by 
far the greater part of tho arable laud is each'yoar 
refreshed with a new deposit ot Hvor mud.” Both 4bn 
Imperial Gazetteer of India atjd thy various census repfltfts 
point out that ft as torn Bengal on joys advantages for 
which it would be difficult to lind a parallel in any other 
part of India. 

"The rainfall is abundant, is usually well distributed and is 
never known to fail. The land of the delta is enriched by yearly 
deposits of silt. The climate, the soil and the river system are all 
§ alike favourable to cultivation.” * 

' * “In its course through Bengal, the Ganges rolls majestically down 

to the sea in a, bountiful stream Embankments are Beldom 

required to restrain its inundations, for the alluvial diposils, which 
it spills over its bank year by year, affords the fields a top*dreesing of 
inexhaustible fertility. The natural overflow of the periodic inunda- 
tion is sufficient to supply a soil which receives in addition a heavy 
rainfall, and this natural overflow iB allowed to find its own lines 
of drainage. The plains of Eastern Bengal, watered by the Brahma- 
putra, yield abundant crops of rice, jute and mustard, gear after 
year, without undergoing any visible exhaustion 

“ The gneissic, laterite, and old alluvial soils are alike mainly 
tiependent upon artificial manures to maintain thoir fertility, 
whereas the recent alluvium is periodically fertilised by fresh 
deposits of silt from the overflowing rivers. The latter process is 
most active in Eastern Bengal, in the deltas of the Ganges and the 
Brahmaputra, whose waters possess the fertilising properties of the 
Nile.” 

Note — The italics are mine — C. A B 


7 — The Impoverishment of Western end Central Bengal. 

17. While the astonishing fruitfulness of Eastorn 
Bengal is tluls ascribed to the periodic flooding of tho 
country, the relative impoverishment of Central Bengal is 
admittedly due to the cessation of the nimilar fertilising 
inundations which that area* used once to onjoy. Tho* 
report of tho Census of Irfdia for 1911 sta,tos : — 

“ In Central Bengal, excluding the»2i-Parganaa, the conditions 
are less favourable, The Ganges, having strayed farther §aet, has 



cwsedto enrich the ml with its fertilising silt. The numetonh 
distributaries down which it once fotiad it# way to the me have 
•degenerated into stagnant lagoons, anj the health of the people ha# 
thus been seriously affected.” • 

* 

TM Boujafal Census report of 1901 also # refers to the 
» condition of Central Bengal in the following words : — • 

“ Central Bengal, which as bounded on the west by the Bhagi- 
rathi t *oti the north by the Padraa, and cm the f»a%t by the Madhnmati, 
was formerly the Ganges delta, but ic has been gradually raised 
abov^ flood level, and the great rivers which formerly flowed 
thrctfgh it, depositing their fertilising silt, yielding an ample supply 
' of wholesome drinking Water and draining it, have shrunk to 
insignificance. Their mouths have been silted up and their bods are 
often diigber than the surrounding country,, which they are no 
longer able to drain. The country has Jbecoine lefts healthy, and is 
far less fertile then it was formerly.” 

yote.— The italics ate mine— C. A. B. 

8 —Agricultural Condition# In th# Individual Olskrlots 
of ftaat#rn Bengal. 

18. Further enquiry in regard to the agricultural* 
conditions of certain districts, typical respectively of 
Kastern Bengal on the one hand and Contral Bengal on 
the other, throws still more light on the facts that nave 
just been stated. One hundred and thirty five years ago, 
the diwani of Dicca, which at that time included .the 
present districts of Dacca, Mymensingh, Faridpur and 
Bakarganj, had more waste land anefr jungle than any part 
of the province. Sixteen years later, it was ostimated that 
“one-fourth of the southern, one-eighth of the eastern 
three-eighths of the western and five-eighths of the northen 
divisions of tho~ district wore still uncultivated and unde 
jungle.” At the time of the permanent settlement, onlj 
one quarter of Mymensingh district was under cultivation 
and in 1831) Dr. Taylor estimated that one-third of Dacci 
district was still uncultivated. The change that ha*, 
cxjcurred since those days is very great. Thfc Dacca 
District Gazetteer remarks : — * • 

** There can be little doubt that, at the time wlym the Hon’bje 
Company took over the diwani, there wera still considerable areas of 
waste land lying idle in every quarter of the ^strict, whereas at 
the present day thtye is hardly a sqttare foot of land outside 

Bhowal vjiich has not been pressed into the service of man A 

subdivision like Munshiganj, that has ^ rural population approach- 
ing 2,000 to the'squivro mile, must be Clearly cultivate l up to thd 
Highest limit, and therg can belittle doubt that for many years there 
has beou no ojiltlv&bto waste land in the district outside Bhowal.*’ 
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< 

“ The really essential factor which determines the value of any 
given field is not bo ranch <the soil, of which it is composed, but the 
depth of the water which stands on it in the rains. An J it is height 
aud duration of the flood, even more than the local rainfall, whist 
decides whether the harvest in Dacca will be good or bad. Then 
flo ds serve a double purpose, for they not only eupply the crop with 
ihe t moisture it requires but they restore fertility to the soil fyy the 
i ich deposits of silt which they bring down " 

N>4e — Tin italic# nre intiVe — C, A. U. 

“Hemmed in on three sides by the Jamunn, Palma and Meghna, 
Dacca is 1 subject to all the vicissitudes of alluvion and diluvipn, as 
well as to the periodic inundation and silt , fertilisation characteristic 
of Eastern Bengal. These great rivers, as'well as numerous smaller 
streams whioh intersect the distriot, annually flush and fertilise «iho 
land/’ 

Dacca District . — “ Much of the laud in the district, too, has its 
fertility renewed by rich deposits of silt.*' (Dacca District Oasetteer.) 

“ The greater part of the district lies low and is fioo led every 
year, but after the rains the flood water is drained off, and loaves the 
land enriched with a thick deposit of silt." (Census Report, 1901.) 

u Dacca is at once the type and metropolis of ESstern Bengal ; 

it is subject to periodic inundation and siltdepwit which 

* are characteristic of this fortunate part of the province." (Eastern 
Bengal and Assam Gazetteer.) 



19. Every one of the alluvial districts of Eastern 
Bengal enjoys these advantages to a greater or lesser 
degree. And this fact has been brought into prominent 
, notice in the various census reports and gazetteers from 
which tho following extracts are taken : — 

Mymensmgh District . — “The norfh lies comparatively high and 
is generally above flood level, but tho south is low>F and is subject to 




•nnuai intmdatious and deptoUs of fertilising silt.” (Kasteru Bengal 
and Assam Gazetteer.) 

Taiwan Subdivision.—' 1 Except in the ea it which contains part 
(ft the Madhtipar Jangle, the subdivision is an alluvial tract, subject 
«to annual inundations and deposits of fertilising silt/* (Eastern 
Bengal and Assam Gazetteer.) ■ • 

Knholganj Subdivision. — “ It is an alluvial tract, intersected by 
anirsbeff, and ts subject to annual inundations and deposits of fertilis- 
ing silf/* (Eastern Bmgai and Assam Gazetteer.) 

Fanfyur District. — “The district is always inundated when the 
rivers rise in the rainy season, but the Hoods seldom cause more than 
temporary damage ; and they are in fact beneficial, as they cover the 
eouuti^with a rich alluvial deposit.** (Eastern Bengal and Assam 
Gazetteer.) # 

“The main crops are jute and a lou /-stemmed variety of winter 
rice* which grows as the floo(^ increases and will thrive in any depth 
of water provided that it does not rise too suddenly. m Subject to this 
condition, tho higher the waters rise the better : the silt deposited is 
proportionately increased, the sewage and other impurities which 
collect in the cold weather are more completely removed, and theieis 
less difficulty in obtaining potable water during the winter months/’ 
(Census Report*1901.) 

“ The annual inundations of the Radrna and the Clnuitlna supply 
sufficient deposits of fertilising silt, and little or no mauuro»is neces- 
sar> in the low-lying ground in w dch the uman crop is cultivated/*, 
(Statistical Account of Bengal.) 

9 Bakaryanj District. — “ The district bcinjj, us already stat *d, one 
level, the wtfter during the season spreads over the whole country 
and only the village sites, *»ach raised on its own little mound, stand 
above the flood, Tli^se Hoods, however, leave behiu l them a thin 
layer of fert lising slime, which repays tin peasant for the loss 
caused by tho iuunddtion/* # 

“Th» (list net lies low, an 1 e\c*pt m the eaHt, most of the country 
is inundated during th ‘ rains. The higher ground in the ca*d pro- 
duces sugarcane, puls s, the pan creeper atid a little job* ; the rest 
of the* district is feruiisol by rich deposits of silt and forms with 1 
Noakhali*the most important rice-producing tract in Eastern ‘Vngal/* 
(Eastern Bengal and Assam Gazetteer.) 

“The soil is extremely fertile, bung annually enriched by the 
silt brought down by tho rivers/* (Census Report, 1911.) 

Tippera District. — “ Tippera is a level alluvial plain broken only 
by the isolated Lalmai hills.. ..To the east, the country undulates and 
runs into theories oJE low forest-clad hills which form the most 
westerly of the hill Tippera ranges. The we^t Is inundated during 
the rains/* (Eastern Bengal and Assam Gazetteer.) • 9 

“Tippera enjoys exc *ptional advantages in regur I to both climate 
an J soil. The Megbtia, which sweep ( past the jycMhrn border, 
enriches a large tract of land, on which fine juto is produce 1, whflo 
a number of smaller streams bringing down silt f^om the hills spread 
it over the greater portion ofrthe district*/* (Census Repoit, 1911.) 

Noahttoli District. — “ The »oil*is fertile throughout the district, 
the lauds subject to the direct fluvjal action of the Meghna boin^ 
specially rich/* (Census Report, 1911.) 

2 A 



Little manuring is practised as ttae fertile soil, f renovated 
annually by deposits of silt from the overflowing rivers, beam rich 
crops year after year witbopt exhaustion." 

vhittagong District. — "The hills streams are also heavily charged 
with organic matter from the decaying vegetation in the hills, and , 
the silt which their waters deposit acts like manure and enables a 
rich succession of crops to be harvested." (Eastern Bengal and 
Assam Gazetteer.) 

9— Agricultural Conditions In Northern Bengal. 

20. A portion of Northern Bengal enjoys advantages 
similar to those which have brought prosperity to Eastern 
Bengal, as will be seen from thp extracts quoted below- 
But in tho centre and the west of the division, the land, is 
too high for inundations and in Rajshabi and part of Pabna 
they have also practically ceased. 

Malda District. — “ The low-lyiug 'recent alluvium in the west 
and sontb is enriohed by annual deposits of silt, and its fertile soil 
is well adapted for the cultivation of rice, mulberry, indigo and 
mangoes.” , 

It may be remarked, however, that of late years ootn- 
.plaints havo been made regarding tho silting up of the rivers 
in Malda, and the author when touring in the district was told 
by a number of cultivators that fertilising inundations with 
river water wore now less common than formerly'. 

Rangyur District. — “The Brahmaputra practically forms the 
eastern boundary for a distance of eighty miles.. ..Its mighty stream 
exercises a great influence over the district by the fertilising effect of 
its inundation... .The soil is remarkably fertile, being generally a 
sandy loam deposited by the rivers when in flood....The light alluvial 
Boils are admirably suited to jute cultivation, and Kangpur yields an 
, eighth of the whole output of Bengal, being second only to Myineu- 
singh.” 

Bogra District. — “ The east of the district, especially tjie densely 
populated Dhunot thana ic low, and recoives annual deposits of silt 
from the floodB which cover it ; the soil is friable and grows excel- 
lout crops of jute. Very similar conditions prevail in Bibganj and 
Shariakandi.” 

Pabna District. — ‘The Sirajganj Subdivision is low-lying, 
but, except iu the Raiganj thana to the north,. the drainage 
is not impeded by tho high banks of dead rivers. It thus receives 
the benefit of an annual deposit of silt from the Jamumi- 
U alike the rest of the district it is healthy, and the population is 
rppidiy increasing." 

21. From tjte passages quotod above, it may he soon 
that. Eastern Bongal and oertain *part8 Of Northern Bengal 
owe their agricultural preeminence) to the fact that they 
are each year inundate 1 'by the ypill waters of the great 
rivers, which, besides affording an ampl» supply of moisture 



for the purposes of cultivation, bring with them a rich 4 
supply of silt which is deposited upon the surface of the 
obuutry, thereby renewing^ fertility. Ami as we shall see 
lateral is the same agency ‘which keeps these .same areas 
almost free of malaria. * 

• • 

sMlrlouttural Condition* in ths Districts of Gtntnl 

tftnlal. 

22. Agricultural conditions in tho western portions of 
* tho Gaugetic delta make a very poor showing, compared 

with those in the east, tfake the cases of Nadia, Murshida- 
bad # and Jessorc : as far back as 1881, tho report of the 
Nadia Fevor Commission femailcs * • 9 

** diminished fertility of tty soil in NdHia , — There is a consensus 
of opinion among Europeans and Natives that, except* in the lower 
lands used for the rice crop reaped in the cold weather, there is a 
distinct decrease in fertility of the soil of Nadia. Considering that 
no land except ttyit used for sugarcane and tobacco is ev«r manured, 
and that the Ganges floods, which are so fertilising, are shut out 
by the embankments of the rivers, it is not to be wondered at that 
gradually tho soil should become partially exhausted.** 

Even earlier than line time, the olfoct of diminished 
imfndationwdiad become apparent, as maybe seen from the 
passages quoted below, which occur in two of a seVies of 
letters from indigo-planters, published in the Supplement to 
the Calcutta irazHte of 1864 in quite another connection* 

Mr. J. P. Wise writes as follows 

“ In the low rich land afFectod by the inundation the raiyats go 
on year after year sowing their crops without experiencing any 
great deterioration. On the high lauds depending on the elevation 
ot the soil “and where not enriched by annual deposits, tho raiyat 
merely extracts what ho can without returning anything to it in the 
way of manure, and consorpiently this soil becomes exhausted, forc- 
ing them to let the land remain fallow for one or more years.” 

And Mr. W. B. Baldwin remarks : — 

44 In tho Spobunkally Concern, 1 held lauds that haye been 
annually sowu with indigo for 30 3 ears, the last ten of which they 
had got beyond the influence of the yearly inundation* and rtiere- 
foro, the return was unprofitable. Upon which I gave up the lands 
to the aamindar ” • • 

23. These two letters corroborate a statement in the 
' Nadia DUtrict Ga&tteer, •regarding indigo cultivation in 
former days, to the effect that !— 

“ As the country was thep lower than during later years, and 
•more liable to fortilising mundations, the plant grew more luxuriantly 
and the crop was less liable to failure from drought.** 



Numerous other references have been made at various 
times to the growing infertility of Nadia, Certain passages 
from the Nadia Gazette#? react as follows 

44 Th* Cuhivatora tili the land for two or three yea r* and then 
allow it to lie fallow for a year or two; the fertility of thee soil not 

being sufficient to allow of uninterrupted cultivation •’ 

“ There seems little doubt that the main reason why the percentage 
of the population engaged upon agriculture is so comparatively tow 
in Nadia is that the land m on accoaut of its infertility, incapable 
.of affording a livelihood to a large percentage.” 

41 The Nadia district is a part of the old delta, but its rivers have 
gradually dried up and it no longer receives the annual (deposits of 
silt which formerly renewed its fertility. 9 ' (Bengal Census Report, 
1901.) 

“The Ranaghat subdivision and *a great pan of the Sadar sub- 
division, on thfe other hpnd, barely support half this population. 
The low density is here due partly to the silting up of the rivers 

which has deprived the country of the silt it used to receive ” 

(Bengal Census Report, 1901.) 

M In earlier days before the rivers had completed their work of 
laud making, the district was far more liable vhm now to con- 
siderable inundations, which although they might destroy the crop 
which was actually standing at the time of their visitations brought 
with them a coating of silt, which ensured an excellent outturn tor 
the following crop. This enrichment of the soil, h nvever, no longer 
takes place as frequently as it used to, ami as the very light manur- 
ing which is applied is insufficient to ompmsato for the loss 
occasioned to the soil by croppiug, there can be little doubt that 
the land is getting less and less capable of giving a good return 
This is particularly noticeable in the steady diminution which bus 
been taking place of late in the net area oroppe l in the district, 
which means that it is, becoming increasingly necessary to allow 
the land to l c fallow for longer periods During the last five years 
for which statistics are available, the average area of cultivable 
waste other than fallow was about 348,000 acies ; of current fallow- 
about 400,000 acres and of net cropped Jam! ibout 520, 0(H) ; in other 
words, the tier, cropped area was only 41 per cent. of the total 
sulturoble area.” 

Sets —The italics are mine— C A. B. 

24. infertility of Nadia. — The Director of Agricult uro 
reports m 1910-11 and 1912-13 : — „ 

“In N$dia, the soil is deteriorating on account of the gradutl 
silting up of the river channels,” “ In the Kushtia subdivision 
r of the Nadut, district, the land is said to be losing its fertility 
by water-logging due to high embankments and insufficiency of 
culverts ...” 

* o 

Finally, the Census Report of 1911 ‘contains the follow- 
ing quotation from a report, of the Collector of N^lia on tho 
same subject * * • 

“There is no doubt that the soli is getting less and less fertile. 
The average yield of crops is low as will be stten from the fact that the 
average yield of winter rice is 805 lbs. per acre and of autumn rice 



If 


835 lb *4 while in Jessordit is 1,145 and 870, and in 24-PsrgauA it is « 
843 end 1,014, respectively. Another noticeable feature is that it .is 
becoming necessary to allow the land ty lie fallow for longer periods 
between croppings. Daring the five years from 1901*05 to 1908-09, 
only about 40 per cent, of .the tfital cultivable area was actually 
cropped.’* 

Agricultural deterioration in Murshidabad.— Agri- 
cultural deterioration has also occurred in<the Murshidabad 
district and has been associated with a coincident decline 
in tfte public health. In 1809, •Loni Valentia remarked of 
the Murshidabad district that : — 

*The annual overflow of the river leaves a deposit of mud, which, 
•like that of the Nile, gives richness to this otherwise barren ouuntry.’* 

• At the beginning of tjke ia$t century, Cossimbazar Island, 
as the portion of Murnhidabad lying between the Ganges, 
the Bhagirathi and the Jalanghf rivers was then called, 
was both exceedingly well-cultivaled and very populous. 
Lieutenant John Pester stated in 1805 that Oossimhazar 
Island was^hen in a state of fertility equal to any garden 
The Imperial Gazetteer records that : — 

“ The decay of Cossimbazar dat.»s from the beginning of tfe* 
nineteenth e rntury when its climate, which had previously been 
celebrated for its salubrity, underwent an unexplained change for 
•the worst^ so that the margin of cultivation receded and wild beasts 
increased/' * 

In 1838, Montgom »ry Martin mentions that the climate 
of the Murshidabad district ha I deteriorated 17 or l&yoaiN 
previously. 4 ’ The unexplained change for the worse." 
detrimental alike to agriculture ana population, appears to 
have been directly associated with the cessation of tjje 
I x* nodical inundations, which used formerly to enrich the 
soil ; and the decline of agricultural prosperity which 
followed was also accompanie l by* an increase of malaria. 
The cessation of inun lalions was directly due to the 
embanking of the rivers. Hamilton writing of the area 
speaks of 44 stupendous dikes not altogether preventing 
inundation but checking its sudden excesses.” And recent 
census reports and gazetteers refer to the pmbankments 
and their effect upon agriculture as follows : — 

“The district of Murshidabad is bisected fromuiorth to sout!} by 

the Bhagirathi /.East of this river, the # soil is low-lying and 

alluvial and forms a part of the old ^elta. Ibis fertile but liable to 
be flooded by ttu Spill of five Bhagirathi and other rivers to prevent 
which •numerous embankments have at various times been erected. 
The most important is the line of eptbankments along the left bank 
of the Bhagirathi. The» propriety of maintaining all these embank- 
ments has often bedn called in question. The land which would 



otherwise be flooded is thereby deprived of, its supply of fertilising 
silt and the river being confined to its bud deposits its silt there and 
thus gradually raises itself above the level of the surrounding 
country.” (Bengal Census Keport, 1901.) 

Nutt . — The italics are mine— 0. A. B. 

2d. Agricultural deterioration in Jeesore, —-Onu d£ the 
earfieat referenbes to agricultural conditions in Jessore is 
to he found in the report of the , .committee appointed to 
enquire into the establishment of Fever Hospitals in 
Calcutta in 1842, which mentions that Jessore was a 
district subject to inundation, and explains that it wns 
therefore far more fertile than the 2.4-Parganaa. In 1870, 
Westland, when describing a considerable portion of 
Jessore, says that : — 

“ For t>ome months in the year, the wjpole region may be said to 
be under water. The tract is not only liable to innndation, but the 
inundation is calculated upon, and the crops do not prosper without 
it ... . The surface seems to lie a s>ries of basins, into which the 
waters flow through the khals, which, leading from the river, 
penetrate the high marginal land.” 

o 

Since 1870, matters have gone trom bail to worse in 
Jessore, as may be seem from tho passages quoted bolow : — 

“We find, therefore, that, with tho exception of the Kumar, tho 
Ulterior Jessore rivers, namely the Nabaganga, Chitra, Kahadak, 
Bhairab, Harihar and the Bhadra, have within the last century 
ceased.to bo true deltaic rivers. They no longer convey the waters 
of the great Manges to the sea, and have degenerated into lines ol 
drainages which carry the local surface water to the Bay of Bengal. 
Hence it arises that the land lying north and west of the imaginary 
line from Kessabpur to Muhammadpur is ceasing to be delta land ; 
and as a matter of historical fact, the northern and western parts of 
the district were far more liable to inundations eighty years ago 
than they are now. The country between the Kumar and the 
Nabaganga at that time regularly lay under water for several months 
every year, whereas it is now only reached by unusual inundation." 
(Statistical Account of Bengal.) 

“ In the south and south-east of the district, the lands are low, 
the rivers tidal, and there are many bits or morasaeB, Jp the north 
and north-west, the land is higher, having been raised by the deposit 
of silt from the rivers which traverse it This prccess has now 
stopped owing to the rivers having silted up at their head, the result 
of which is that periodical inundations which used to occur when 
they were in flood, have ceased. In the Jhenida subdivision, there 
have been no floods for the last 15 years, and the country %e the 
poorer for %t ; while in the Magura subdivision, the floods are now 
comparatively slight and the land u mi fertilised to the nawe extent 
a? formerly ” (Jessore District Gacatteer.) 

Note .—' The italics arc um»e— C. A B 



Jkemda Subdivision.-*' 1 ' Inundations from the Kumar still occur 
but 4 at rare intervals. The surface has beep raised by the inunda- 
tions of distributaries of the Gauges till it* U now beyond the reach 
of ordinary hoods, and consequently ft tut longer receives the deposits 
of silt which formerly cnricheddt." assure District Gazetteer.) 

‘•The average density of population is greatest in the east, where 
the solids most fertile aud Still receives occasional deposits of silt, and 
least ip the Bangaon subdivision in the west. TJife low density* in 
the letter tract is due partly to the silting up of the rivers which has 
deprived the country of the sftt It usjd to tecei^e and partly to long 
continued unheal fchiness.” (Jessore District Gazetteer,) 

Narad Subdivision .— M Tlu* Subdivision borders on fchq Faridpur 
district The process of laud formation has not yet ceased, and it 
receives occasional deposit%of silt. It is less unhealthy than other 
phrts of Jessore and the soil is very fertile ... It is the most thickly 
postulated part of the district** (Jessore District Gazetteer.) 


The Gazetteer of the 'Jessore district sfcatos . — 

“It is reported that cultivation has suffered from the deterioration 
of the rivc*rs, which year by year used to deposit a layer of silt on tlieir 
hanks and in the bits during flood time...... Tins natural form of 

fertilisation has ceased . . . The area under aman rice is contracting 
owing to deficient floods.* 1 . 


• The fallowing remarks from the annual season* and 
crop reports issued by the Director of A grioultirre afford 
further evidence of agricultural decadence in Jessore : — 

• 

1908. “ Agricultural deterioration . — Large tracts in Magura, 
Narail and in the Radar subdivision of Jessore are showing signs of 
permanent deterioration owing to want of facilities tor the ingress 
and egress of rain and flood- water.*’ 


Yl . The causes of agricultural defcriortUon in Central 
and Western Bengal . — The last quoted extract above is 
extremely significant, summing up as it does in a few 
words the main causes of agricultural decline in the 
districts of Central Bengal. And the styne remarks apply 
to many parts of Western Bengal and other portions of the 
province also.* Briefly, it is the want of facilities for the 
ingress and egross of rain and flood water t which is res- 
ponsible both for a* great decline of agriculture afid the 
deterioration of the public health tjiat has* accompanied it. 
The indiscriminate embanking of vast tracts in lowei 
Bengal primarily for flood ‘prevention and secondarily 
owing to the •construction of the* net work of railways and 
road a that now covers* the country has caused serious 



otherwise be flooded is thereby derived of, its supply of fertilising 
silt and the river being confined to its bed deposits its silt there and 
thus gradually raises itself above the level of the surrounding 
country.” (Bengal Census Report, 1901.) 

Note. — Tl>e italic* are* mine — 0. A. B. 

• 

2d. Agricultural deterioration in Jessore, — One <5f the 
earliest refereabps to agricultural conditions in Jesscfre is 
to be found in the report of the .committee appointed to 
enquire into the establishment of Fever Hospitals • in 
Calcutta in 1842, which mentions that Jessoro was a 
district Subject to inundation, and explains that it, was 
therefore far more fertile than the 24-Parganas. In 1870, 
Westland, when describing a considerable portion pf 

Jessore, says that — 

« 

44 For some months in the tyear, the wjjole region may be said to 
be nnder water. The tract is not only liable to inundation, but the 
inundation is calculated upon, and the crops do not prosper without 
it ... • The surface seems to be a s »ries of basins, into which the 
waters flow through the khals, which, leading fro^n the river, 
penetrate the high marginal land.*’ 

Since 1870, matters have gone from bad to worse in 

Jessore, as may* be seem from the passages quoted below : — 

• 

“We And, therefore, that, with the exception of the K^umar, the 
interior Jessore rivers, namely the Nabaganga, Chitra, Kalntdak, 
Bhairab, Harihar and the Bhadra, have within the last century 
ceased t to be true deltaic rivers. They no longer convey the waters 
of the great Ganges to the sea, and have degenerated into lines of 
drainages which carry the l$cal surface water to the Bay of Bengal. 
Hence it arises that the land lying north and west of the imaginary 
ijne from Kessabpur to Muhammadpur is ceasing to be delta land ; 
and as a matter of historical fact, the noithern and western parts of 
the district were far more liable to inundations eighty years ago 
than they are now. The country between the Kumar and the 
Nabaganga at that time regularly lay under water for several months 
every year, whereas it is now only reached by unusual inundation.” 
(Statistical Account of Bengal.) 

44 In the south and south-east of the district, the lands are low, 
the rivers tidal, and there are many bits or morasses, the north 
and north-west, the lani is higher, having been raised by the deposit 
of silt £rom the rivers which traverse it. This process has now 
stopped owing to the rivers having silted up at their head, the result 
of which is that , periodical inundations which used to occur when 
the^ were in flood, have ceased. In the Jhemda subdivision, there 
have been no floodg for the last 15 years, and the country is the 
poorer for it 5 while in the Magura subdivision* the floods are now 
comparatively slight and the land is not fertilised to the same extent 1 
a?* formerly” (Jessore District Gazatteer.) 

Note , — The italics arc ranje-^-C. A, fl. 
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Jhenida Subdivisions * 4i I nundatioas from the Kum ar still o<kjtir 
but' at rare intervals. The surface has been raised by the Inunda- 
lions of distributaries of the Ganges till it » is now beyond the redch 
t of ordinary floods, and consequently^ no longer receives t)& deposits 
of silt which formerly enricheddV* {Jessore District Gazetteer.) 

“•The average density of population is greatest in the east, where 
the soiWs most fertile and still receives occasional deposits of silt, and 
least ip the Bangaon subdivision in the west. Tjife low density* in 
the letter tract .is due partly to the silting up of the rivers which has 
deprived the country of the sitt it us^d to ^ecei^e and partly to long 
continued unheal fchiness.” (Jessore Dilfcricfc Gazetteer.) 

Narail Subdivision .— 44 The Subdivision borders on thqFaridpur 
district The process of laud formation has not yet ceased, and it 
receives occasional deposit%of silt. It is less unhealthy than other 
parts of Jessore and the soil is very fertile ... It is the most thickly 
postulated part of the district* 1 (Jessore District Gazetteer.) 


The Gazetteer of the § Jessore district statos . — 

“It is reported that cultivation has suffered from the deterioration 
of the rivers, which year by year used to deposit a layer of silt on their 

banks and in the Oils during flood time This natural form of 

fertilisation has ceased . . . The area under aman rice is contracting g 
owing to deficient floods.” .* 


• The fallowing remarks from the annual season, and 
crop reports issued by the Director of Agriculture afford 
further evidence of agricultural decadence in .Jessore : — 

• 

1908. li Agricultural deterioration . — Large tracts in Magnra, 
Narail and in the sadar subdivision of Jessore are showing signs of 
permanent deterioration owing to want of facilities for the ingress 
and egress of rain and flood-water.” 


27. The causes of agricultural deterioration in Ventral 
and Western Bengal . — The last quoted extract, above ifi 
extremely significant, summing up as it does in a few 
words tho main causes of agricultural decline in the 
districts of Central Bengal. And the styne remarks apply 
to many parts of Western Bengal and other portions of the 
province also.* Briefly, it is the want of facilities for the 
ingress and egress of rain and flood water , which is res- 
ponsible both for a, great decline of agriculture afid the 
deterioration of the public health that has. accompanied it. 
The indiscriminate embanking of vast tracts in lower 
Bengal primarily for flood ’prevention and secondarily 
owing to the -construction of the* network of railways ancf 
roads that now cqvers* the country has caused serious 



so 

damage alike to agriculture and to the health of thS people, 
lu. 1912, according to the Director of Agriculture, — 

“ thfl ditftrict officers of Nidia, fiord wan, Midnapur, Howrali^ 

Ivrishnagar and Maraliidabad Report, agricultural deterioration 

In Krishangar,. the gradual silting np Of the river channels* and ' 
the insjfficienoy of railway culverts are put forward as causes of 
deterioration." - 

28. There is ,a considerable amount of evidence to 
support t.'ie view that raifway construction has been largely 
responsible for the disastrous change that, has come over 
many parts of the delta in the last seventy years. Dbfore 
the advent of railways, there were *few roads and although ‘ 
river embankments existed in certain districts they were 
rarely efficient. in' preventing inundation, because breaches 
were common and mor8 often th#n not the embankments 
were deliberately cut to let river water into the bils and on 
to tbe fields. As there were few roads to impede the free 
passage of the floods across the surface of the country, 
the water flowed from field to field, choosing the natural 
# Iines of drainage, and eventually made its escape through 
the network of khals and channels that existed in every 
part of the ddlta. But this natural process of flood and 
fiuslj was destroyed by the advent of railways, which 
inquired embankments for their tracks and a system of 
feeder roads to convoy passengers and produce to their 
stations. For the periodic inundation of the country 
naturally tended on occasions to destroy the continuity of 
road and railway corrfmunications and it became necessary 
thereto - e to make the river embankments secure against 
bre idling ; and in consequence flood water was shut out 
from the country, the natural system of deltaic irrigation 
was interrupted, drainage was impeded and the network of 
channels which used formerly to he fed by the spill water 
from the great rivers became silted up and in many cases 
entirely destioyed, rendering boat traffic difficult and in 
many cases impossible. The embanking of tbe country 
aqd thfe shutting* out of river water from the surface of 
the delta* was further marked by the* simultaneous 
occurrence of appalling epidemics of malaria, a serious 
decline of agriculture and the progressive depopulation of 
the affected arq/is. 
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CHAPTER II. 

The Effect or Embankments In causing Malaria 
and* Agricultural Decline. 

11— Deltas naturally fnse of Malaria. 

* $9. Contrary to what is often assumed and even defi- 
nitely stated in the oider medical toxt-boqks, deltaic 
s^&mps and the so-called ‘‘bottom lands” adjacent to 
large rivers are as a fule comparatively healthy and natur- 
ally freo from a seriouji amount of malaria. 

The freedom from malaria enjoye 1 1^ the delta of the 
Nile was mentioned .by StrabR over two thousand years 
ago. And the same author remarked of Ravenna, a 
city in the delta of the Po-Reno, that like Alexandria, 
though suj-rroun ted by swamps it was free of marsh fever. 
Ravenna remained healthy for a long period. Thus Votru- 
vio cited it as an example of a well-situated and healthy 
city ; and Chigi quotes Marzia as praising its salubriou»*air 
while complaining of the incessant* croaking of the frogs. 
Ultimately, however, partly as the result of natural causes 
and partly owing to artificial' changes, Ravenna * became 
very malarious and has remained so for many centuries. 
The big deltas of China are known to be comparatively 
non-malarious. Tho troops from India encamped on the 
muddy Hats of the Peiho and Peithang rivers in 1860. 
enjoyed an extraordinary immunity from malaria, and 
even those regiments which had suffered severely in lAiiu 
were exempt. ,l Even the depressed oriental race of 
China” says Wilson, “ seems never to have had a difficulty 
in mastering the great problems which the necessity for 
the subjugation of rivers forces on civilized man ; the 
Chinese waters have been turned to the most profitable 
account : their deltas'seem healthy and abound with life . . . 
Agriculture is said to be perfect.” llie singular immunity 
of certain ‘deltas from serious malaria has ‘been* reported 
from many other parts of Asia. Thus, in 1909 Mazzolani 
recorded in the (transactions of the Italian Society f#r the 
study of malaria that, in the delta of t.he # Sankoi in Tongking 
malaria is relatively ftiild in spito of extensive rice swamps 
and numerous anopheles. * The same observer states that 
rice-swamps iq the delta of the Mekong in Cochin China 
show the presence of fnopheles mosquitoes with little or 
uo malaria among the population. 



BO. The Great Dismal Swamp in Florida has long been 
considered remarkable owing to ihe fact that malaria is 
rarely or never contracted tbtye. And although some parts 
of the Mwjsissipi delta are malar iohs, other portions of the 
swampy littoral are reported to be healthy. The deltas of 
the big rivers in .South America have long been known to 
be relatively n on-malarious. Humboldt, Hates and Galt 
all record the comparative freedom from malaria observable 
in the delta of the Amazon fn contra-distinction to the mor 
valleys sqme of which are appallingly unhealthy. At a 
much earlier period Sir Walter Raleigh described Ifis 
experience of the delta swamps of the Orjnooco in his 
account of the “ Discovery of the large, rich and beautiful 
Empire of Guayana ” in tho following words 

“ Moreover, the country is so healthful, r as of one hundred persons 
and more (which lay without shift, most sluggishly, ami every day 
almost melted with heat in rowing and marching, and suddenly wet 
again with great showers, and did eat of all sorts of corrupt fruits, 
and made meals of fresh fish without seasoning, of* tortugas, of 
lagartos, and of all sorts, good and bad, without either order or 
m^isure, and besides lodged in the open air every night), we lost 
not any one, nor had one ill-disposed to my knowledge, nor found 
any callentnre, or other of those pestilent diseases which dwell in 
all hot regions, and so near the equinoctial line. ” 

» * 

31. Malaria is absent from the Pampas of the River 
Plate and the delta of the Parana river. Mantagazza 
(1858-62), confirming the previous reports of Wilson and 
Brunei (1842). slates of /he banks of the llio-d e-la- Plata 
that “ paludal fevers are nowhere known ” and Dupont 
(PS68) remarked of the area around the mouth of the 
river : — ' 

“Intermittent feVers are entirely unknown along the littoral (ot 
the La Plata) ; it is difficult to say to what cause their absence is to 
be attributed, but all physicians are agreed that they are absent. 
The country presents at any rate all the geological conditions suitable 
for the development of malarial fevers, undulations of the surface 
hardly perceptible, periodical inundations over vast tracts of land, 
marshes and lagoons of great extent along the banks of the rivers, 
great elevation of the temperature in summer.” 

Bouffier (1857), speaking of the adjoining deltas of the 
Parana river and the numerous marshy islands at its mouth, 
remarks : — « 

“ The numerous islands of the Parana are covered with innumer- 
able marshes, which fill and empty with the rising and falling of the 
river ... As soon as the river falls, an iinmense extent of marshy 
gronnd becomes exposed. For all that, I nave no) observed a single 



owe of Intermittent fever, and from the information that | have been 
abie to father, it appears that this affection is rare among the 
indigenous inhabitants/’ * 

32. The deltas of some o£ *tho large African rivers are 

as* yet comparatively free of malaria. The following 
passage ascribed to Stanley refers to the dejta of the Congo 
river : — * 

“At Boma, on the edge of the river, in the midst of marshy 
exhalations, Europeans enjoyed betted health £han at Vivi, built on a 
rook in a dry region and 340 feet above the river. Also at Kinshasa, 
10 feet above the river, Europeans enjoyed immunity frtnn disease 
whftfi at Leopoldville, 95 feet above the river, sickness prevailed. 
Equator Station, 5 feet abSve the river, on a muddy creek and alluvial 
3<j|l, was more healthy than Magunga, 240 feet above the river and 
1,100 feet above the sea on % hill." 

I 

Daniels records in his report to the fioyal Society that 
he was unable to find anopheles mosquitoes in the swamps 
at the mouth of the Zambesi ; and he mentions of a town at 
the mouth af the river that “ Chinde now has the reputa- 
tion of being a healthy place of residence.” As regards tho 
delta of the Niger, it may he mentioned that Annett* 
Dutton and Elliott, the members of the Malaria Expedition 
to Nigeria, spoke of Brass, which is in the delta, as 
“ a comparatively healthy district ”. 

33. In Sumatra, tho low-lying areas along the flat 
banks of tho Palembong river enjoy a comparative 
immunity from malarial fever. And the recent investiga- 
tions of Tcrburgh show that theye is little malaria at 
Palembong, Sourabaya, Padang and Banda. In Borneo, at 
Sambas, few cases of fever aro to bo met with in tlffe 
marshy plains. Among 2,385 children examined in this 
situation only 78 or 3'2 per cont,. showed splenic enlarge- 
ment, whoreas in a neighbouring hill station 441 among 
534 or 82'5 por cent, had enlarged spleens. 

The delta of the Irrawadi in Burma is relatively free^* 
from malaria. Sir II. Thirkell White, when speaking of 
his early charge of a district in the delta in hit* book A 
Civil Servant in Burma,” romarks : — • • 

“ In those days, tho local mosquito apparently was not of the 
kind which carries malaria. Or perhaps owing to the backward 
slate of sanitary edusatiou, he had not yet. learned his trade. 
Cholera and small-pox oxoepted, the delta waw comparatively free 
from soiious diseases. Though swampy and water-logged, it was 
mot beset with malignant fevers* 

This view is* suppfirjod aUo by the local dispensary 
returns which show that during 1911 the cases of malaria 
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together with “pyrexia of uncertain origin” treated at 
eight dispensaries in the, delta represented only 3 per cent, 
of the total admissions, whereas in eight dispensaries in 
Upper Burma the ratio was 15 percent. 

A similar immunity from malaria is reported frdm 
the Go lavari and Kishna deltas in Madras. The dispeflsary 
returns from these two (districts show that during 1*918 
among a total of 449,614 and 363, 1Q7 out-patients admitted 
for treatment in these "tw'o districts only 5*5 and 3*1 per 
cent., respectively, suffered from malaria. In 1855, Baird 
Smith, in his rep >rt on Irrigation in Southern India, 
remarked upon the freedom from malaria enjoyed by the 
delta tracts of the Cauvari and Colaroon rivers, whicji 
have been irrigated for hundreds 'of years by flow irriga- 
tion. This is borne out ky the dispensary returns for 1918 
which show only 11,237 cases of malaria among 589,726 
patients admitted for treatment, giving an astonishingly low 
fever index of only 1*9 per cent. The delta of the 
Mahanadi river in Orissa, although not quite so free of 
malaria as the Madras deltas just mentioned, also enjoys 
When compared with Bengal a relative immunity from the 
disease. Lioutenant-polonel Fry, in his first report on 
Malaria in Bengal, records the fact that : ** In the imme- 
diate neigh bourhood of Cuttack, on the banks of'che river 
Mahanadi, the spleen rate is less than 2 per cent., on the 
banks of the Taldana Canal the villages have about, the 
same spleen rate The dispensary reports for 19 1 9 show 
that malaria cases represented only 11 per cent of the 
total admissions for treatment, which compares favourably 
With 25 per cent., the figure for Bengal as a whole and 
50 per cent., that of many of the more unhealthy areas. 


12“-Deltas may become Intensely Malarious. 

34. Deltaic areas though naturally healthy, so long as 
they are not interfered with, are yet almost always 
potentjally malarious. Besides the case of Kavonna, which 
has already been mentioned, numerous instances may he 
quoted of deltas that have become notorious on account of 
the prevalence of. malaria. For example, speaking of the 
Tuscan Maremmtt, a malarious trayt watered by thoOecina, 
Corma, Pecora. Bruna. Ombrone and Alhegna rivers, BaircJ 
Smith remarks : — 

“It is to the disorganisation of thcfee rivers that the ruin of 9 
tract, which nature has endowed with the richest of soils and the 
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mildest of climates . . . with plains affording abundant pasture 
and fit for any kind of cultivation, is chjpfly to be attributed.” 

In a further passage of his report, the same observer 
refers to the early history of Lombardy in the following 
words': — 

“ The neglect of even those works which in happier times may 
have.bjen constructed , . threatened to cleave the rich plains 
of Lombardy in a state scarcely sup*rior to that of the Tuscan 
Maremma, or the Pontine marshes. The same caupe which 
has affected the rnin of those latter tracts was in active 
operation throughout LumJjardy during the dark ages ; the numerous 
rivers were unregulated and uncontrolled ; and some notices of 
thl state of the country (hiring, the tenth century prove that the 
inevitable results had followed, in the formatiod of vast marshes, and 
the abandonment of extensive districts.”* 


Many of the mdarious tracts of Italy have long since 
been restored from the state of ruin into which they had 
once fallen. Baird Smith quotes Bruschetti as remarking 
that : — “ tracts now richly cultivated were then stagnant 
m&rshes or arid wastes.” # 

35. India, too, can show examples of once pros- 
perous d61ta areas sinking into a state of decay through 
agricultural decline and epidemic malaria and tfien 1 eing 
restored once again t > a condition of healt li and prosperity 
by the reorganisation ot their river systems. The Trfnjore 
and the Rajah mandry districts in Madras, which have both 
passed through these experiences within the last century 
are striking instances. Much ol Lower Bengal, on the 
other hand, is suffering at the present moment from disas- 
trous changes similar to those which once, threatened the 
existence of the more favoured deltas just mentioned. In 
this case the disorganisation of the rivei’S has boen 
largely brought about or at least greatly hastened by 
human interference. 

“ It is* not only through the hand of God” says Lieu- 
tenant-Colonel F C. Hirst ‘‘that, the Nadia rivers and the 
country surrounding them are in their present unsatisfac- 
tory condition. For many years, human agohey, by design, 
or accident, has contributed to affect the life of these rivers 
as well as the general condition of contiguous areas.” 
*. . . •. A.s the time w*mt on. the number of embank- 
ments increased ” . . . '* TJreso embankments are .of 

dthroe types : («)’ znmiftdari or protective embankments, (li) 
railway embankments, (c) road embankments,” 
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* Tike two latter classes of embankments are specially 
important from the point of view of the present report, 
because it is mainly since 4he construction of railways and 
roads, which now cover the country in every direction 
with a network of embankments, that vast portions of 
Lower Bengal -have become subject to recurring epidemics 
of malaria, serious depopulation and agricultural decline. 


18-B«n*al a country Of Ooitao. 

36. An examination of the map 'of Bengal and its river 
systems shows that a very large proportion of the province 
is deltaic. The total area of the province is now 84,092 
square miles, or, deducting the States of Cooch Behar and 
Hill Tippora, 78,699 square miles. Of this area, move than 
75 per oent. is delta. The joint deltas of the Ganges and 
Brahmaputra alone cover from 50,000 to 60,000 square miles, 
and there are many smaller streams which possess deltas 
<qf not inconsiderable size. Western Bengal contains the 
deltas of the Salai, the Kasai, the Dhalkisor, the Damudar, 
the Adjai and the Mor and part of the delta of the Ganges. 
Central Bengal is entirely Gangt tic delta. Eastern Bengal, 
with the exception of a few insignificant hill tracts, is 
almost entirely deltaic. It contains much of the living 
della of the Ganges, the greater part of the deltas of the 
Brahmaputra, Surma and Barak, as well as smaller deltas 
such as that of the Mafiinuhari. Northern Bengal contains 
portions of the Gangetic and the Brahmaputra deltas, 
together with the delta of the Tista, the lower portions of 
which have been usurped by the two former rivers. 

Owing to their extraordinary fertility, deltaic areas tend 
to become densely populated and are relatively healthy 
and very prosperous as long as they remain subject to 
normal inundations with tho spill water from their rivers. 
But changes tond ( t,o occur from time to timq in deltaic 
rivers and such changes are apt to be followed by conso- 
quence B 8 serious alike to the health and prosperity of the 
areas affected. Changes in delta channels aro often due 
to" natural causes, but there is reason A o believe that many 
of those that have occurred in the delta channels of Lower 
Bengal daring the past sixty years 'are of human origin, and 
have followed tho embankment of the country for the 
purpose of improved communications" . In this connexion, 
too, it is significant that reports have come to hand 
quite recently of the serious extension of malaria in the 
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delta tracts of Cochin-China, owing, it i* suggested, ,k 
the more rapid spread of infeotioi? that has f dflowed upon 
*the improvement of communications. Bat the improve- 
ment of communications almost invariably means the 
construction of railways and roads ; which in deltaic areas 
entails the multiplication of eml^nkmenftf ; and those 
embankments, unless specially designed to avoid each 
results, eventually lead to the disorganisation of the river 
systems ; the dislocation of natural flush and drainage, 
and £thcr disastrous consoquonces, as agricnlturaPdecline, 
depopulation and epidemic malaria, such as have occurred 
during the last sixty years in Lower Bengal. 


14— Formor Lack of Roads In Bengal. 

37. Prior to 1850 there were no railways, and few 
roads iu Boqgal. In 1802, there were only 20 miles of 
road in .Jossoro. In 1810, there were only six carts in 
Jessorc town and not one hundred in the whole district, 
and water transport was preferred to land carriage: 
Between 1845 and 1868, a number of roads vfere construct- 
ed in Jeqporo district. It is noticeable that the easiest 
epidemics of malaria reported in Bengal were «in that 
district, tho first being associated with the construction of 
a road in 1836. Shore’s notes on Indian Affairs undor date 
May 1833 states : — 

“As to roads, excepting those within the limits of civil stations, 
16 milos between Calcutta rind Barrackpur is all that we have to, 
boast of.” 

In 1837, there was not a single road in Hooghly district 
which a European vehicle could traverse and in 1845 when 
bullock carts were required they had to be obtained from 
Calcutta. Tn 1838, Montgomery Mai tin commented on the 
absence of roads in Bengal and remarked that those laid 
down in RonnoU’s maps existed only o» paper. In 1839, 
thoro were ojily two short roads in Dacca district, pne to 
N irayanganj and tho other to Tangi. Up to 1869, there 
were no roads in Pabna and in 1871 there were no roads 
and not a single cart* in Maid a. 


tB— Existing Roads and Railways. 

, • 

38. Tho East Indian Railway was commenced in 1851 
and th© En4orn Bdngal Railway a few years later. Work 

3 
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on the embankments of the latter were still in progres 
in 1868. Between 1878 and 1881, 526 miles of railway 

C 



Kuads aud railway* in Bengal in 1 §70 


were constructed in Bengal and Bihar and'from 1881-91 
a further 1,051 miles had I teen added to this total, still 
further increased by another 1,641 miles of open line by 
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the year 1901. At the present time, there are in Bengal 
over 3,000 miles of railway, more than 1,900 mites 
retailed roads and over 12,900 miles of unmetalled row 



Hoads and tail ways fn Bengal in 1020. 


there are also over W.OOC miles of village roads, bat those 
are mostly mere fctoi-paths or cart tracks. The mileage 

3a 
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and distribution of railways aud metalled rotfdfc is Sfcown 
in'the following statement 

Roads sad Railways la 

Western / Central 
Bengal. I Bengal 


Aren iu (square miles ... 

13,90? 

* * 

,'(o)l 1,838 

1(6) 18,071 

22,879 

j* '66,695 

Railway*? ... 

1,100 j 

650 

800 

500 i 

' 3,050 

Roads (metalled) 

1.170 | 

602 • 

129 , 

[ 120 

1.1*21 

Roads (uumetalled) 

2,031 ) 

3.00" j 

1 * 4,769 

3,139 

j 1‘4 939 

Total i ... 

4,301 

1 

4,152 | 

5,698 j 

3,759 

17,910 

Miles of railways and 

1 

w 1 




roads per 1,000 square 






miles of area 

m 1 

349 | 

314 

K>3 

257 


(*) Excluding laige areas of fonsfci in thr buudnrbans. 
(&) Bxoludp* Darjeeling district. 




Total, 


39. It will be seen that Western Bengal is far belter 
supplied with' both 1 railways and metalled roads Ilian any 
othet oi the natural divisions. Jn proportion to its area, 
Central * Bengal has a mileage of railway equalling 68 per 
cent, of that, in Western Bengal, and Northern Bengal has 
55 per cent.. ; whereas Eastern Bengal has only 26 per 
cent. Western Bengal is nearly twice as well supplied 
with metalled roads 'as Central Bengal, but Northern 
( Bengal has a mileage in proportion only 8 per cent, of the 
former and Eastern Bengal has only 6 per cent. Central 
Bengal and Northern Bengal possess a greater mileage of 
unmetalled road than* either of the two other divisions, 
and nearly twice as much in i report ion as Eastern Bengal. 
The figures given below show the mileage of railways, 
metalled roads and unmet ailed roads, resj ectively, per 1,000 
square miles of each natural division, together „with index 
numbers arranged for ease of comparison, Eastern Bengal 
being ‘taken as the index : — 


♦ 

Natural divisions. 

Rail- 

ways. 

Index 

No. 

Met&Hod 

roads. 

Index 

No. 

pnmetalled 

roads. 

Index 

No 

Total ludix 
No. 

Western Bengal ... j 

79 

376 

M 


146 

106 

* 308 

: 187 

Central „ 

54 

257 

42 


253 

184 

349 

: 214 

Northern „ 

44 

209’ 

U 7 


263 

191 

314 

: m 

Eastern 

i 

21 

too 

5 

< 


137 

. 

100 

163 

: 108 
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40 i 'Tiro figures given above show that, taking fail-, 
ways and both classes .ol' roads , together, Eastern Bengal 
^ossossea little more than half tl^a mileage in proportion to 
, area possessed by the other natural divisions. Some con- 
ception o£ the. way in which roads and railways have cut 
up the Country may be got by the following illustrations: -**■ 
»(l) Iftho embankmonts of all the. railways and roads^n 
tho four natural divisions, wore arranged in parallel lines 
across* country so as to divide the’coufitry into narrow 
strips, the width of those strips would vary from a minimum 
of 2'68 miles in Central Bengal to a maximum* of 6*08 
’miles* in Eastern Bengal; (2) if the embankments were so 
arranged as to divide the whole country into squares, tho 
size of these squares woifld vdry from a minimum of 5 *76 
miles square, with an area of 33*17 «quaro iniles in Contral 
Bengal, to a maximum of *12*16 miles square, possessing an 
area of 148 square miles in Eastern Bengal. The detailed 
figures are given below : — 


Natural division* 

Diatauco apart 
of embank llldc , 

monte If jj 0 

arranged In 
pataflU liuua j 

fem ol -quares Into 
which embank mows 
would divide the 
country 

• 

Area of squares 
into whtoh 
touiitry might 
bt divided by 
gmbftukmotits 

Index m 
NO . 

• • 

Western Bengal ... 
CVntial , 

Northern „ 

Kaatei n , 

Miles. I 

A ‘28 5 1 

2 88 47 

3 17 62 

6 08 100 

1 

8 40 x 6‘46 

5 76 x 6 70 

0 34 x 6‘34 

12 10 x 1216 

1 __ - 

41 73 

33 17 

40 19 
147 80 

• 

: 

28 
22 
. 27 
100 



Diugra imndicatuig proporjon of road* and railway* in each natural diviaion. 





' 4t. In low-lying deltaic edUtttry 
such as rice and juto, tfee distortion . X gTfr T” 

water necessary for cultivation and toe WMri jvMttwtg w the. 
land wS is essential for\he aeration «ftfce«*i, are Joth 
greatly complicated by the existence of embankments 
which impode irrigation on the one hand and 1 Obstruct 
drainage on the. other. < And the ovits that arise in donse- 
quonco of the embankments tend to increase by geometri- 
cal progression in proportion as the amount of embanking 


increases. 


16 —Railways and Road* in i»elatlon to Cultivate •«. 

42. On comparing the mileagy of railways ana roads 
with the total cultivable aroa and the area actually culti- 
vated, certain interesting facts are, brought to light, which 
suggest that in Bengal railways and roads do little or 
nothing to stimulate the bringing of land undor cultivation. 
On the contrary, any direct, influence which they exert on 
agriculture tends rather to its decline 1 than to its 
improvement. 


Railways, Roads and Cultivation — Table I. 


N *tut aI divisions 

« 

Total r ultivablc 
ar< a in acres 

MilO age of 
railways 
and ro«ut» 

Acres cu 
tivable 
land p< r 
mile of | 
road and ' 
ruilw iy j 

i 

i 

^ I*o c< nt 
l as*, of 
iiiJtivabk 1 
art a 

, (OitlVfttcd 

Mik« of 
railway and 
i oatis (tor 
100,000 
act os 
cultivable 
area. | 

i 

Milos of 
tail and 
toad p< r 
100,000 
acres net 
cropped 
area 

IVoBtcrn Bengal 

l 

7,044,293 

1 

4,301 

1,642 

61-5 

61 

99 

Centra! 

>i ••• 

6,486,455 

i r 

4,152 

1,662 

58 6 

64 

109 

Northern 

n ••• 

9,349,044 ' 

5,698 

1,640 

70 9 

60 

85 

Eastern 

u ••• 

10,213,710 

3,759 

2,716 

89*0 

36 

41 


The figures cited ahow that the proportion of land now 
under gultivation is greater in Eastern Bengal than else- 
where, although the mileage of roads and railways is 
rejativoly low in that natural division. But Eastern Bongal 
possesses 12,000 miles of navigable channels open through- 
out the year and expanding to 04,000, miles in the flood 
season. Central Bengal, theedivision best supplied both 
with road and railway communication, has only 58’5 per 
cent, of its cultivable area cultivated, compared to 89 pey 
cent, in Eastern Bengal. But' in thfy former division, 




17— Roada, Rattaaya a*m was * m l*imi. 

4ft An increase df railways and roads in deltaic tracts 
does mot tend to bring land unde£ cultivation, although it 
may possibly havo this effect in more elevated areas. The 
lolloping figures show the proportion of cultivable waste 
land in each Hatural division and its 1 elation to road and 
railway communication : — • 

Railways, Roads and Cultivation — Table II. 


Nntutal divisions 

Allies of tail 
wiys and n uds 
per 1,000 
square miles 

# Cultivable 
vvusU land In 
acres 

fercenlaRe 
' of t ultivable 
area lying 
waste 

i^reentage of 
cultivalile 
waste land to 
net < ropped 
area 

Cultivable 
waste land in 
acres (tot mile 
of railways 
and roads 

Western Bengal •... 

Cv 

O 

QO 

{ 

1 783 063 

25*3 

4T1 

414 

Central 

349 

1,144,205 

176 

30 1 

276 

Noil hern , 

314 

1,316,615 

14 0 

• 

f 19 7 

231 

Hbetcrn , # 

lfi3 

751 263 

7-3 

82 

199 

• 


It will be seen that, in spite of their bettei ioa(J and 
railway communications, the waste land available tor 
cultivation m Western. Central and Noi thorn Bengal fai 
exceeds that existing in Eastern Bengal. 

18— Roads, Railways and thsli* Effeot upon Fortuity. 

44. There aro grounds for believing that the multipli- 
cation of roads and railways has been a cause m some areas 
of land actually going out of cultivation. The effect ot 
ombankmottts upon the fortility of cultivable land has to be 
considered in this connection, and a passage quoted below 
from the Bengal Census Report of 1911 has special bearing 
on this question . — , 

“ There is no doubt ‘that in areas liable to inundation the em- 
bankment does frequently alter the drainage of tfie country. On the 
one side, floods are dbeper aftd last longer than before, and the soil 
Ibecomes Water-logged, on the othef, the land does not receive the same 
amount of moisture or the same fertilising deposit of silt." 

• 

Na ^— The Attlica are wine — C. A B 
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■ 45., In the deltaic portion!) of Bengal, cultivable land, 
ordinarily subject to inundation with river water, never 
requires to lie fallow- Whereas other lands do. Fallows 
therefore may be taken as $n index of soil .impoverishment 
Embankments prevent inundation by river water and from 
this point of view the following figures are of great interest 
and importance,: — # 


Railway*, Road* and Fallow Lands. 


• 

Natural divisions. 

! 

Total acres 
fallow. 

Fallow land in 
acres per mile 
of railway 
| and toad. 

i 

Proportion of 
fallows 

per 1 J)00 acres 
cropped. 

Miles of rail- 
ways and roads 
l>er 100,000 
acres net 
cropped area. 

A.n>»ge 
pet centage 
deficiency of 
crop oattui u» 

« 

Weatern Bengal ... 

r 958,030 

215 

« i 

, # 

214 

i 

! 99 

218 

Central ,, 

1,544,160 

1 

371 , 

! 

♦ 

l 40 i 

t 

109 

21*0 

Northern „ 

• 

1,37£,629 

240 l 

200 

85 

12*0 

Eastern „ 

371,747 

98 

40 ! 

_ J 

*41 

72 


46. In proportion to the cultivated area, fallow land is 
five times as common in both Western and Northern Bengal 
than In pastern Bengal, and in Central Bengal the propor- 
tion of fallow land is just ten timos as great as that in 
Eastern Bengal. In viow of the facts stated, the multipli- 
cation of railways atid roads in the deltaic portions of 
Bengal is to be regarded with grave misgivings. The 
embankment:, exert a most deleterious effect upon the 
fertility of the soil, thus causing a serious decline in the 
agricultural production of the areas they serve. Ro&ds and 
railways afford, -it is tru,e, excellent facilities for the trans- 
port of goods and especially for the rapid transit of 
passengers. But those advantages may be too deaily 
i purchased, if the construction of the necessary embank- 
'ments brings about, as it may do, in course of time a fifty 
per cent reduction in the agricultural outturn* of whole 
districts, turning healthy areas into hot-hods of malaria and 
eventually leading perhaps to the destruction of nearly half 
their total population. 

* 

19 — EITeot of embankment on^the Pclbtio Health. 

* » 

47. In the early sixties, when outbreaks of epidemic 
fever first attracted seriftus attention in Bengal, th<^ 
occurrence of the disease was asfcribedAo the construction 
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ai embankments. The chief exponent of this theory WAS 
Raja Digambar Mitter, the India# Member of the first 
.committee appointed by Government in 1863 to enquire 
into tho causes of the epidemic. Among the instances 
quofed by Raja Digambar Mitter in which fever had broken 
out shortly after the construction of extonsive.embankments, 
the case of the continuous line of villages from Ichapur *to 
Okakdaha, numbering aijiong them such thickly populated 
places* as Halishahar and Kandbrapara, was mentioned. 
The people in those villages suffered from a severe, ty|je of 
fovos,. which broke out oxactly in the order of time m which 
the railway embankment progressed anil passed along their 
casern borders. Anottier instance was the line of villages 
from Pandua to Kalna ,'in which fever broke out after the 
construction of two roads in their vicinity. A further case 
was that of an outbreak of fever in tho villages of Khalat- 
pur, Saota, Tanksabi, Gaura, Saibona, Langalpara, Raghu- 
nathpur, Kishannagar. Gopaluagar, Narainpur and Khana- 
kul, which Occurred shortly after the construction of a 
lcacha road from Mayapur to Khanakul in the Hooghly 
district. From timo to time, a great number of otluu y 
outbreaks were attributed to similar causes. • In a report on 
the epidemic fever submitted to Government by the Com- 
nuHsiouer bf the Presidency Division in 1874, the fallowing 
passage occurs : — 

“The other cause to which defective drainage may fairly he 
attributed is embankments. Baba Digambar Mitter lias laid much 
stress on this, but it is still a moot point. Many profossional engineers 
are of opinion that railways and roads have nothing, or next to 
nothing, to do with the fever. But I find something in this divisions 
to support the other viow. Dr. Elliot names Muhammadpur as the 
first plucT; whore the epidemic broke out with virulence. Inquiry 
shows that the great outbreak tlu re was iji 1836, ‘and not 1824 or 
1825, though there may possibly have been two outbreaks. However 
this may be, it is stated that it broke out while the Jessore anil 
Farid pur high road was being carried through the village. It 
seems possible that the very severe fever that prevailed in Belgliurria, 
just north of Calcutta, nearly every year, may have owed its origin to 
railway embankment. It used in old days to be a very thriving 
place, but since ^Ihen it has become desolate and u neared for .». . . . 
.... The south suburban town suffers every year from a devasta- 
ting f^fr in the months of October, November, • December aiyl 
January, and the people Attribute this to the escape of water being 
prevented by the Diamond Harbour Roa<J.’’ 

• . •. 

• 48. #In 1878, the Sanitary Commissioner, commenting 

upon the epidemic during the construction of tho .Jessore. 
, a#d Farid pur roads, recalled the fact that a similar outbreak 
occurred when theSVjlrancl Trunk Road (which runs from 



Howrah to Lahore) was being made. The Saaitary'fteport 
of 1884 alludes to an epidemic of malaria which broke out 
when the railway was bping constructed between Dacca 
and Mymensingh. And other outbreaks had previously 
been reported during the construction of the NortRern 
Bengal and Noi;th- Western Bengal Railways. Fever became 
intensely prevalent from 1896 onwards in Nowgong during 
the construction of the Assam-Beugal Railway from Gauhati 
to Lumdiug. The'Samtafy Report of 1907 also contains the 
following reference to an outbreak of fever in 
Murshidabad : — .» 

“ The Civil Surgeon is strongly of opinion that the newly cons- 
tructed Murshidabad branch of the Eastern Bengal Kailway Jias 
affected the public Jiealth. He says that the railway engineering 
authorities have boon guilty v as elsewhere, of taking absolutely no 
means of draining the pits and hollows by the side of the embank- 
ment, and that he is convinced that in snch a malarious neighbour- 
hood, especially as that of Murshidabad town, this has led to increased 
unhealthiness and should be remedied.” 

€ 

49. In 1910, Major McOombie Young, i.m.s., called 
"attention to an outbreak of malaria in the Malda district, 
which had occurred during the construction of the railway 
there. Lieutenant-Colonel Fry, i.m.s., in his second report on 
malaria t in Bengal, mentions that an outbreak 6f malaria 
had recently occurred in the north-western portion of 
Murshidabad district, which coincided in point of time 
with' the construction of a new railway line there. 
Similar untoward results have followed the embanking of 
the rivers for purposes of flood protection. For example, 
&n outbreak of fever followed the embanking of the 
Nabaganga in 1858, and a similar outbreak was reported 
in Kristanagar ihana of Hooglily district in 1873, as a result 
of the embanking of a khal in tho vicinity. In 1893 also, 
the Magistrate of Murshidabad stated that the prevalence 
of fever in that district was largely attributable to the 
embankments protecting that part of the country “ the 
unhealthiest areas > being always those best piotected by 
embankments. ” Subsequent investigation h^s shown that 
this view is founded upon fact, as may be seen from 
Stewart and Proctor’s report on malaria in the Murshid- 
abad district, in which they record that : — 

“ In the Bhagwangola and Lalgola fchauas, 26 spleen rates were 
taken with an average of 32*7 ; of these, 13 villages were outside the 
retired line of the Bhagiratjhi embankment, unprotected from the 
annual flood of that river, avid gave an average spleen rate of 29*9 
and 13 villages were inside the embankment a,nd not flooded annually 
from the river, these gave an average spleeiyvnte of 35*6 per cent” 
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tf the villages examined by them on the east bank of 
the Bhagirathi are divide i into two classes, according ‘to 
«thoir situation within or without the embankment, the 
resists are stilly more marked ; for the mean spleen index of 
26 villages outside the embankment is 27'0 per cent., where- 
as 29 tillages inside give a mean spleen index of 60 per 
oent.* 

50. Recent observations have shpwn/m numorous occa- 
sions’ tSiat, following the construction of embankments, there 
is a very great local extension of malaria on bot Insides of 
tbo Embankment, accompanied by a rise in the local morta- 

’ lity, an increase in the proportion of fever cases and fever 
deaths and a rise in the spleen index. Changes of this kind 
havo been noted and specially roported oh in detail in the 
case of the railway frorp Katwa t6 Sahihg.inj, in Birbhum 
and Murshidabad, in the case of embankments connected 
with the Sara Bridge and in the case of the Sara-Sirajganj 
Railway. A considerable rise in the fever index has also 
boon noted In the case of recent railway construction in 
Mymensingh. 

51. Tho occurrence of outbreaks of malaria in associa- 
tion with the construction of ombankments h&s never been 
disputod, and the observation in regard to the sudden 
increase ot the spleen index in tho neighbourhood .of these 
embankments is conculsive. But the manner in which 
einbankmonts bring about this admittod ineroase of malaria 
requires to bo made clear, in order that adequate stops may 
bo taken to remedy tho conditioh and to prevent the 
further extension of tho evil. 
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CHAPTER III. 

Agricultural Deotlna In B»*dw*n #**4* 

Tracts. . 

20— .The Burdwan Fever EpIdadlO. 

5-2. Enough hue boon stated k) show that the embank- 
in<r of the delta tracts of Bengal, whether for raaA«‘, for 
rsu/tvays or for flood prevention, is almost invariably 
followed by tlw most disastrous consequences alifcft to 
hoalth and to agriculture. This vi&w is greatly strength <■ 
ened by a consideration of the circumstances which Jed 
to the great Bucd wan fever epidemic of sixty years ago. 
The special committee appointed, in 1863 to investigate 
this epidemic fevor, reported in 1864 that the area first 
affectel by the disease had recently eoased to bo inundated 
and enriched by flood water from the rivers. 

“The tract of comlry, within which the fevor has, during the last 
few years, appeared in an unusually violent form, extends from the 
station of Krishnag ir on the north to Rajahath and the adjoining 
villages on the, south; and from Dwarbashini, six miles from 
Pandua, on the west,' to Srinagar, about twelve miles from 
Chogdah, on the east. Heyond this tract, the disease has appeared 
with extreme virulence in only a few isolated places, as Meherpur, 
Jayrampur and Oudkhali. The tract specified is traversed by the 
rivers Hooghly, Matabhanga and Jabuna, and by numerous khais, 
some of which communicate with the Ilooghly and othors with tidal 
rivers. In the greater number, probably all of these khais, through- 
out the whole or a portion of their extent, the flow of water is obs- 
tructed by obstacle! natural and artificial . . . The surface of the 
infected track is, therefore, inundated for the most part by rain only, 
and but to a limited extent by the river water, and is consequently 
not enriched by an annually-deposited layer of fresh alluvial soil as 
the districts to the eastward are.” 

A little earlier, Dr. Elliot in a report on the “ Epidemic 
Remittent and Intermittent Fevor occurring in parts of 
Burdwan and Nadia Divisions ”. remarked that one of the 
principal causes of the epidemic was want of fcultivation. 
He had almost invariably observed that the epidemic 
appeared first and was most virulent in the oldest and 
most populous ‘villages, the lands in and around which had 
gone out of cultivation. Thus, while tlie Fever Committee 
showed that the fever was associated wi|,h relative inferti- ’ 
lity of the soil owing to lack of inundations, f)r. Elliot 
commented on the associated lack of cultivation. The one 
statement corroborates the other, for, as ( ?s well known, lack ■ 
of fertility leads to lack of cultivation. / 



, 53. Eaja Digambar Witter first pointed out that amtaftt* 

merfts were the cause of theepidemic fever ; and a Utile 
later bis views were corroborated by a host of other obser* 

. vers. • Thus in 1869, Dr. Thompson, Civil Surgeon of 
Hooghly, reporting on the,epidemic fever in that district, 
remarked : — 

“ What then are the causes which have caused a once 

flourishing district to ho half populated, and which threaten to throw 
• half the land out of cultivation ? The portion of the Hooghly dis- 
trict which has suffered most from the ravages of this fever is that 
comprised b ‘tween the Da m 14 da r 0,1 id the Hooghly rivers. Intersect- 
ing this land from west to east run many ichiih or rivulets . . . 
They were the moans where the floods of the Damudar found egiess 
into the Hooghly. They were not only the safety valves to the 
Damndar, but they exercised a fertilising and sanitary influence on 
the whole surfacj of the district. But it was found (as often 
happens) that # this process was not wholly beneficial. It had the 
inconvenience of inundating a larg * tract of country in seasons ot 
great flood and thus crops suffered and the revenue also. A remedy 
was propos *d and carried out ; a bund was constructed on the lef^ 
or eastern bank of the Damudar, cutting off the hgad waters of the 
khals ; and those in consequence commenced silting up.” 

In Iho saint* year, Mr. Cockerell, the Magi.^rafe of 
Ilooghly, reported <0 the Commissioner that — 

“ As regards the possible effect which the stoppage of the 
Damudar waters may have had on the health of the district, it 
certainly appears to mo a coincidence wojth bearing in mind, that 
while one would naturdly seek for some special cause to explain the 
sudden change in the health of the population of a whole district 
within a few years, the date from which these outbreaks of sickness 
in the present aggravated form commenced, is within a year or two 
of tho final closing of the Damndar khals.'' • 

Tn a letter to Government also written in 1869, Mr. 
Buokland, the Commissioner of tho Hurd wan Division, 
after pointing out that only a small | ortion of Hurd wan had 
hitherto bopn attacked by tho fever, makes tho significant 
remark : “ Tho portion so attacked is manifestly that 

which usod to he subject to inundation from* tho Daipu- 
dar, before the embankment on t he left sidp of the river 
was made proof against, breaching.” 

99—The Effadfc of Embankment on Agrioulturo In 
Buvtfwnn and Hooghly. 

v . * 

54. As to thi^disaStyous effect of the shutting out of 

tfie Damndar wateV on the agriculture of Byrd wan and 
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Hooghly* «r*dejio* recorded in fclio Burdwan Fever Report 
ot 1875 is specially' instructive, as the following extracts 
will show 

“ The profits of the agricultural classes in this district (Hoorfhly) 
are less now than in 1860 . . . The reduction of profits Ae now 
accounted for, firstly, by the decreasing fertility of the soil in, those 
parts of the district which were within the sphere of influence 
of the Damadar inundations." • 

“ Wherever I wenf there Was one answer from the raiyat that the 
prodnotive powers of the soil have diminished of late . . . The 
greater part of the district has been seriously affected by the binding 
of the Eananadi and the embankment on the eastern bank of the 
Damudar ; the silt of the Damudar oan no* longer enrich the soil in 
these parts.” t 

“The fertility of the soil has within the last thirty years certainly 
diminished to some extent . 0 The annual floods of the Damadar, 
which nsed to leave deposits of healthy 'silts on the lands all over 
the district and thereby enrich the soil, have ceased to come upon 
them siboe construction of the loft bank embankment." 

“Though the people (of Burdwan) have enjoyed safety from 
inundations of the river yet their lauds have lost in fertility owing 
to the loss of alluvial deposits which the water used to leave 
before.” 

In the same year, 'Dr. Ray, m.d.. f.k.c.s., an inspecting 
medical officer who visited the affected area, reported ofi 
the cessation of inundations as the result of the embauk- 
mont as follows : — 

r 

41 A powerful water-purifying agoncy has been cut off in a dis- 
trict, which must necessarily tell on the health of the population. 
Fish has grown scarce, whilst formerly six pice used to purchase 
ene seer of fish ; the same quantity cannot be had for less than four 
annaB. Nor are these all. The productive power of the grouud has 
much deteriorated and the water w r hich used to flush the land and 
wash away the impurities bas ceased to act. There is no longer any 
proper drainage, and no wonder that all these causes in operation 
will add their quota to aggravate the mischief.” 


83 — Former Prosperity of Burdwan and Hooghly. 

V *> c 

’55. Prior to the shutting out of the Damudar floods, 
tine condition bf the affected aroa was ono of almost un- 
exampled prosperity. In 1760, Burdwan, which then 
covered an area* of 5,17*4 squaro radios and included the 
present districts of Hooghly and Howrah, was described by 
tjio officers of tho East India Company as the most pro- 
ductive district within the whole province or mbah of 
Bengal, It was also spoken of a$ “ a gp&den in the midst 
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erf a wilderness.” In 1-815, the sdrae area was referred to 
by Hamilton in the following words* — 

'* lbtt this district continues in a*progressive state of improve* 
mentis evident from the n amber of now villages erected, and the 
inoreasipgnumber of brick buildings both for religious and domestic 
purposes, nor is there any other portion of territory in Hindustan 
> that can compare with it for productive* agricult oral value in pro- 
portion to its size. Id this respect Burdwan may claim first rank, 
the second may be assigned to the proVmcd of Tanjore in the 
Hon them Carnatic.” 

In another passage, t the same authority states that no 
loss than seven-eighths of t ho land in Burdwan was thou 
utilor cultivation. Further .corroboration of the fonner 
flourishing condition of this aroa is # to bo found in a Memoir 
on the Husbandry and* Intornal Commerce of Bengal, 
published by / Oolehrooke at the beginning of the last 
century, wherein it is shown that the land revenue then 
payable by Burdwan district (5,174 square miles) was at 
the rate of Rs. 842"2 per square mile, as compared with 
Rb. 476’4, the next highost rate in the province, paid l>j> 
the 24-Parganas, Jessore and Murshidabad. 


24— Loss of Population of AfTectstl Areas. , 

56. Dr. Elliot estimated in 1872 that prior to the 
outbreak of tho fever in Burdwan, the density of* the 
population was not loss than 750 persons to the square mile 
whereas in 1911 it was 572. The* Census Report of 1881 
statos : — 

“ Having regard to the fertility autl prosperous state ol Burdwan 
and its well-known comparative salubrity prior to J.1801, I should 
not hesitate to assign to it a higher population per house than the 
averago ; but assuming only the average rate of .V7 persons per 
house, the population of the area inoludod in the present district ot 
Burdwan could not in 18C1 have been less than 2£ millions.” 

Lt. Col.*CrawfOrd also statos of Hooglily that — 

• • • 

“ It would appear that, before the fever broke out, the Hooghly 
district must have bad a population of something Ufce 2,000,000 and 
that daring the 20 years, the fever lasted, the population fell by abdht 
50 per cent.” 

• The tloclino of populatioh in Burdwan and Hooghly, 
rclorred to by I)r. Elliot and Cpl. Crawford, still Conti* 
imios, not only in tfceso ateas but also in many other parts 
of Heggal that, kavtyegu similarly affected, and the Census 
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61 191 1 revealed Hio fact that during the previous deoade 
depopulation had taken ‘ place in many thanm in different 
districts. The aggregate 1 of the docadont tnana areas m 
each natural division was as follows : — • 


t. s - 

/ Tola) 

area. 

Decadent 

area. 

Percentage of 
total area 
decadent. 

Western Bengal ... 

1 3,907 

f 5.339 

i 

38-3 

Central „ ... 

1 1 ,838° 

5,262 ' 
• | 

• ^ 

44 8 

Northern „ 

19,235 

3,175 

16*5 

Eastern „ ... < 

22,879 

1,358 

5*9 


* Exaludes a large area of reserved forest io the Suodarbaos. 


The decline of population is most extensive in Western 
and Central Bengal, where there are most embankments 
^and where agriculture has suffered the greatest deteriora- 
tion. In almost every case also the decline of population is 
associate l with the extensive prevalence of malaria. It is 
significant that the decline is least pronounced ip Eastern 
Bengal which is not so well providod with embank od roads 
and rail ways and whore the country has not been protected 
from inundation by marginal river embankments. Where 
in a few areas depopulation is occurring in Eastern Bengal 
it is associated with thb embanking of the country, a local 
Recline in agriculture and a coincident increase of malaria. 


Sa — The Eoonomle Question. 

57. Economists recognize that “ if the population of a 
district is increasing at. a rate above the average, this is 
prima facie evidence that its industries are prospering ; if 
the population is decreasing or not. increasing as fast, as the 
average, this strongly suggests that the industries are 
suffering from a temporary lacic of prosperity or permanent 
decay.” The rural population of Bengal is wholly dependent 
u$on agriculture, and the gradual depopulation of the areas 
roforrod to may therefore betaken as prima facie evidence of 
a serious decline of this important industry. Growth of 
population is effected by births and immigration ; and 
decline of population by deaths and emigration. Rapid 
growth of population is taking placo through high birth- 
rates in the districts of Northern Aid Eastern Bengal 
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where agriculture is flourishing. , In Northern Bengal also, 
the rapia growth of population is partly due to immigration 
i into areas where cultivation ie extending. For example, 
during the decade 1901 to 1911, the net gain by immigration 
into Dinajpur was 173^563, *' the immigrants” according to 
the Census Report being “ mainly found -in the Barind, 
where they are fast reclaiming th*e waste’” In Jalpaiguri 
district also, there has been greaj, immigration, the excess 
of hflmigrants over emigrants between 1891 and 19 il 
having beon 315,016. In the Alipur subdivision during 
one** decade population increased by 531 per cent, in 
Falakata and no loss* than 81‘4 per cent, in the Alipur 
tlmua. This extraordinary growth of population is entirely 
due to the favourable agricultural conditions. “ In tho 
Alipur subdivision, ” says the Census Report, cultivation 
is extending in every direction and there is a constant 
stream of immigrants atti acted by the fertility of the land 
and the lowness of the rents.” 

58. Decline of rural populations is governed by 
unfavourable agricultural conditions. Burdwan district, 
especially is an example of depopulation following upon 
agricultural decline. Between 1872 and 1881 the loss of 
population in 12 thanas of the Burdwan district amounted 
to 148,605 and a further loss of 10,199 occurred in 6 thanas 
between 1881 and 1891. After a slight recovery at the 
Census of 1901, the decline continued and the 1911 Consus 
revealed a further aggregate loss of 31, 150 in 12 out of the 
17 thanas. The loss of population *in Burdwan is mainly 
due to au excessive death-rate and the mortality is largely 
governed by the local agricultural conditions, as may be 
seen on* comparing the estimated outturn of winter rice 
with the deaths occurring during the first six months after 
harvest. During the 20 years, from 1893 to 1912 inclusive, 
the outturn of the rice crop, which is the mainstay of tho 
people, was 80 per cent, of tdie normal, the average deficiency 
being 20 per cent. In 10 out of the 20 years, the outturn 
exceeded 8 b per cent., sometimes very considerably, and 
in 10 years tho crops woro much below this average* The 
aggregate mortality of the six months following harvest 
during the 10 years ,with good harvests was 185,793, cotft- 
parod with 271,756 for the 10 ye/irs with poor harvests, 
giving an average »ex cos# mortality of 8,596 for overy poor 
harvest. • Similar factors may also be seen at work causing 
depopulation in Birbhum. In Central Bengal, extensive 
migration as well^s hfgji mortality is causing a doeline of 
population in manyweas. During the decade 1901 to 1911, 

4 
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Nadia showed an aggregate loss of 63,805 persons in 16 out 
of 21 thana areas, Murshidabad lost 26,245 in 9 out of 24 
thanas and Jesaore 72,024 an 14 out of 19 thanas. Turning' 
to the figures for migration, we find that the three disti^cts 
named havo long shown a great excess of emigrants over 
immigrants, and the figures relating to agricultural condi- 
tions quoted below afford tho explanation : — 





Current 

t - 

Average deft- 

Excess of emigrants ovei immigrants. ] 

c 

fallow to net 
cropped area. 

oioney in 
crip outturn. 


1901. 

. 191 Ir 

Pot cent. 

| 

Per oeifi. 

< 

Nadia 

64.707 

62,126 

54*6 

34*3 

Muislndabad 

7,600 

31,112 

64*6 j 

26-5 

Jesflort* ... 

24,098 

13,533 

i : 

13’S 

24*4 


59. Tn the light of the facts just stated and tho mass 
wff evidence previously quoted, pointing to the extraordinary 

agricultural value of river water and the disastrous effect 
on cultivation that always follows tho shutting out of this 
water from the fields, tho view of the economists- who hold 
that populations decline as a result of industrial decay, is 
soon to hold good in the case of Bengal, so that there is 
justification for the belief that tho growth of population in 
the rural areas is an index of the local agricultural condi- 
tions. It follows that the depopulation of deltaic areas 
at hat have been embanked is a direct result of an agricul- 
tural decline that has followed this embanking. 

26 — Ppobable Loss arising from Embankments In the 
Damudar delta. 

60. Some idea of the monetary loss that, has resulted 
from the shutting out, of silt-bearing river 'water from 
agricultural lands may bo gained by a consideration of the 
following fact s. As regards Damudar water, all authorities 
ace agreed as ‘to its value for crops. In villages adjacent 
to the Damudar, cultivators say tlfat their land when 
irrigated with river wat hr yields il 2 mnfinds of paddy per 
bigha whereas when cultivated with rain water t alone tho 
/ir op is only 7 maunds. The Triennial Revenue Report on 
Irrigation of the Public Works Department states that tlje 
result of crop experiments in co'Anoxiyp with irrigation by 
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theDawudar water from the Eden Canal System in 19ol-il 
showed that the average outturn per acre of irrigated lands 
was 25 maunds 12 seers of paddy and 37 maunds 12 seers 
of jttraw against an average of 16 maunds 6 seers of paddy 
and 25 maunds 18 seers of straw from non-irrigated lands. 
Thw shows an increased outturn of over 50 per cent, due 
to the use of river water. In a *later report, the excess 
value of the crops from * irrigate^ over* non-irrigated land 
was' J^iven at about Rs. 31 per acre. The shutting out of 
the Damudar spill water from the eastern portion of its 
delftf must therefore have occasioned enormous loss. 
There aro about 2, 10$, 173 acres of cultivable land in the 
present districts of Biydwjyi, Hooghly and Howrah. Of 
this probably not less than half lie wltlw’n the area that 
used at one time to be naturally frrigated with the flood 
water of the Damudar in tho same fashion as much of 
the Dacca district to-day is irrigated by the flood waters 
of the Padma, Moghna and Brahmaputra. Assuming that 
when tho land received Damudar water the outturn of 
paddy from a half to one million acres of this area average^ 
25 maunds per acre and that since the shutting out of 
Damudar water the outturn has fallen to ah average of 16 
maunds , tjho resulting loss in outturn would amount tq any- 
thing from 4£ to 9 million maunds of paddy per annum. 
The losb must in reality have been very much greater than 
this, because tho figuros quoted make no allowance forJand 
now lying fallow or going completely out of cultivation. 


27 — A Comparison with tha Daooa District. 

61. A hotter idea of the probable agricultural loss in 
Burdwan, Hooghly and Howrah may be gained by a com- 
parison of the agricultural conditions of the area under 
discussion with those of the Dacca district. Assuming that 
tho agricultural conditions obtaining in these throe districts 
before the Shutting out of Damudar water resembled those 
in Dacca during 1918-19, we should find that, in*placo»of tho 
1,137,200 acres actually cropped in that year, there woftld 
have been no loss than 2,042,104 acres under cultivation, 
with only 109,908 ac*ros of current fallow agains* 777,500. 
If tho yield per j^cre of «t he 2,042*104 acros assumed to be 
eultivatiyl in thoso eircumstancos was equal to that of tho 
1,137,200 acres that wero actually cropped, the total outs 
tprn of the area Smder ^discussion would have been nearly 
80 per cent. greateiKhan it is. But this estimate makes no 
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allowance for the valuable fertilising effect of Damudar 
water, which increases ‘the yield per acre by over 50 per 
cent. Assuming that half only of the area was cultivated 
under the most favourable conditions and obtained the bene- 
fit of Damudar water, the total outturn from the 2,0^2,104 
acaes assumed* to be cultivated would then have been 
225 per cent, gre'ater than that now yielded by the 1,13?, 200 
acres actually cultivated., Suj pctoing the crop was all in 
rice, the outturn of 1 137,200 acres at 10 maunds an acre 
would 1*3 about 421,185 tons ; an increase of 80 per 
cent, on this would make the yield about 758,133 'tbns, 
and with a yield of 225 per cent, the figure would 
be 947,066 tons. With rice at, Rs. 5 per mauud, this latKir 
figure would represent a total financial return ol ovei 12f 
crores against a little ofer 5£ or, a difference of over 7 
crores. This latter figure represents quite a miMlerate 
estimate of the gross annual agricultural loss occasioned 
by the shutting out of Damudar spill water froyi its delta. 

28— An Alternative Estimate. 

62. Another method of gaining an idea of (lie probable 
loss in agricultural outturn occasioned by the shotting out 
of Damudar water from the land in this particular area, 
is to take the case of Ilooghly, estimating its probable 
outturn on the Resumption that, prior to the embanking of 
the country, the district was as fertile and well cultivated 
in proportion to its siztf as the Dacca dint ret is now. On a 
rough computation, the gross value of crops harvested in the 
Dacca district in 1918-19 was about Rs. 12 to 15 cror<>s. 
This allows for a yield below the normal, tlio 'averago 
deficiency in Dacca over a long scries of years being 5*7 
per cent. Hooghly district should give under similar 
conditions a gross return of the value of Rs. 4£ to 5 crores. 
But instead of the 2T per cent, waste and 5*0 per cent, 
current fallow that Dacca showed in 1918-19, Ilooghly in 
the same year had no less than 11*8 per cent, wasto and 
28*3 per ceilt. current fallow. Moreover, the 'average crop 
deficiency in Hooghly is 20*6 per cent, against 5*0 per cent, 
inf Dacca. The present agricultural j-eturn of Hooghly iu 
1918-19 can, therefore, at best, be little more than 50 per 
cent, of what it would be if its agriculture was as flourish- 
ing as that of Dacca. The ' agricull ural loss oftcasioncd 
to Hooghly district by t^ie stoppage of natural irrigation 
with Damudar water, is now probably oyffr Rs. 2 crores per 
annum. 
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ft9~An Estimate of the Lobs In Western end Central’ 

Bengal.* 

# 63. We can only make a very rough guess at the tola) 
agricultural loss occasioned to the Burdwan and tho Presi- 
dency Divisions by the embanking of tho country. In tho 
case of Central Bengal (Presidency Division), whiefi is 
wholly deltaic, the gross agricultural return, on the basis 
of tlfe Dacca district estimate, oftgllt to*be in the neighbour- 
hood of 50 or 60 crores of rupees per annum,; a very 
similar amount should bo allowed for tho Burdwan 
.Division ; and a total *of between 100 to 130 crores of rupees 
ppr annum for both divisions. But in all probability the 
actual outturn is considerably less than half this amount ; 
owing to tho impoverishment of the soil, tfio lack of mois- 
ture anil the local water-logging that has followed tho 
embanking of the country and the shutting out of the silt- 
bearing river water. Taking Western and Central Bengal 
(the Burdwan and the Presidency Divisions) together, < lie 
present gross agricultural outturn is probably some- 
where between Us. 50 - or 60 crores, or less than 0116- 
half of what it would be if irrigation with river water was 
# mado available. Formerly, very large areas in both of the 
division^ mentioned used to benefit by a natural process 
of deltaic basin irrigation with Hood water in tho same 
manner that Eastern Bengal does at the present time. But 
since this Hushing of tho country has boon prevented, 
agriculture, health and prosperity* have suffered, millions 
of lives have been sacrificed, thousands of crores of rupees 
have boon lost, tho people are sunk in poverty and a va^t 
proportion of t hem suffer each year from recurring attacks 
of malaria. 
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CHAPTER IV. 

t 

I 

The Effect of Embankments on Malaria. 

30— Mow Embankments Increase Malania. 

« 

« • * 

64. The increase of malaria that almost invariably 
follows the embankftrg ol' deltaic aroas in Bengal is due to 
the interaction of a number of factors, most of which have 
a definite bearing upon the breeding of anophedos 
mosquitoes. The construction of embankments themselves 
loads, in the first place,, to a great amount of excavatiqp 
and the resulting borrow-pits* affbfd additional breeding 
places for anopheles. But, except in rare instances, exca- 
vations of this kind are of relatively small importance, 
because enormous numbers of dobas and ditches and 
excavations of all kinds already oxist in tho immediate 
neighbourhood of all villages situated in deltaic areas. 
Tins is owing to the fact that every house has to be 
provided with a high earthen plinth raised well above the 
level of the inutjdation. In areas also whore the houses are 
built of mud, as is the' caso in many parts of Central Bengal,, 
building operations always result in extensive excavations. 
Hence villages in the delta tracts are all potentially 
malarious. But ordinarily, however numerous and extensive 
the excavations and borrow-pits on a village site may be, 
they do not give rise to .malaria so long as the greater part 
of the surface of th** country is submerged by floods of rivor 
water during each wet season, for in those circumstances 
each hollow and depression is temporarily obliterated, so 
that anopheles .mosquitoes cannot use them as brooding 
places. But should inundation cease or be prevented, 
every hollow, which can hold rain wator, becomes a 
.dangerous breeding place, and anopheles mosquitoes can 
•thus multiply unchecked. Observations show that during 
the rainy season anopheles mosquitoes of various species, 
known .to ca^ry malaria, often occur in enormous numbers 
in the villages situated in embanked deltaic areas, whereas 
thijse insects ano usually present in very scanty numbers at 
the same time of tho year in ai’eas that' are actually inun- 
dated with river* water.* The inundation of the country 
during the monsoon is unfavourable to t&e multiplication, 
of anopheles mosquitoes, ip the first place, because flooding 
reduces the dangerous “ Water-edge ” which affords safe, 
cover for mosquito larvae ; in tl<e sec/ffid place, because 
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owing to the large surface exposed to the rays of the dun 
the temperature of the water t^nds to rise so as to be 
exceedingly unfavourable to tho life of anopheles larvae ; 
and in the third place, because the physical and possibly 
thd chomical character of river wator is inimical 
to anopheles larvae. Observations show that anopheles 
larvae are raroly or never found far from, tho grass grown 
or woody edge of collections of water ; that thoy cannot 
stand a temperature much above* tluft of tho wot bulb 
thermometer and are rapidly killed by a temperature of 
104*degrcos Fahrenheit ; and that they do not flourish in 
water containing fineisilt in suspension, lliver water in 
tljo flood season also contains a very large amount of 
dissolved carbon dioxidb (CX%) so much, so that its reaction 
tends to become acid, and this possibly affords a further 
explanation of the fact flial anopheles larvae do not flourish 
in river wator during tho flood season. 

31 — Recent Investigations on the Breeding of Anopheles 

Larvae. 

65. Investigations by Hodgson and King serve to 
throw a new light upon tho ratiorfhle of phenomena of 
the kind refeirod to enabling us to understand how 
irrigation may, in certain circumstances, reduce •malaria, 
ami why on the contrary a reduction of the surface water 
iu del taic areas may bring about an increase of tfio disease. 
The following passage is extracted from Hodgson’s note 
in the proceedings of tin* Lucknow Sanitary Conference, 
1914 % 

“Taking tho mosquito in its larval existence, we found that tho 
optimum temperature 4 for anopheles lay between 68°-78° F. 
Temperature above HO F. became • more and * more unsuitable, 
while temperatures of 1)5° to 104° F. were rapidly fatal. In nature 
during the monsoon at Delhi in August, and in Madras in Novem- 
ber, we found the surface of pools to vary from 73° to 104° F., the 4 
difference being due to the following important facts : — 

(1) The coolest pools were very small, pools lying amongst 

grass. 

(2) The edge of a pool in the day time is coolor thaa l he 

centre, , 

(3) The surface layer is often 3° or 4° hotter than the witter 

4 or 5 inches down at midday. , 

(i) Tho watet lying at the shallow edgo, round grass stems, 

• is the coolest part o{ a pool. 

(5) Whan the average temperature of pools hal risen to 9()° 
or eveiklOO 0 , falling rain both at Delhi and Madras was 
found tqWpe 73 0# to 77 3 F. during tho monsoon. 
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(6) The river at i>elhi even after long drought never rose 

above K7° F. a t ( midday. 

(7) Well-water varied from 80 3 F. to 82 3 F. 

(8) The sea at Madras in the monsoon was 80 3 F. 

(9) Small hoof marks iu grass might contain water F. 

cooler than a large pool 6 inches away, particularly 
during hot dry .weather. • 

“ Au anopheles moeijnite lays her eggs in that type of pool f wjiich 
is coolest at the time. The straggle for existence rapidly increases 
above 80 ,F. and temperatures such as 104 F. are fatal to every 
single larva in less than 18 hoars, though this is a temperature at 
which some pools have been found in nature. In the Terai in 
. October, water varied from 65 F. to 78 F. on the two days we 
examined it, and anopheles wore breeding in millions. The great 
destroyer of mostjuit'o larvae is nature, and her principal means is 
raising the temperature of thS water.” 4 

It will be seen from these observations that small collec- 
tions of water and those possessing a large ratio of weedy 
edge are far more dangerous than largo water surfaces, 
because they invariably possess a lower temperature much 
more suitable for mosquito larvae than the high temperature 
to which large .collections of water speedily becomo raised. 
This fact helps to explain the beneficial effect of flooding 
upon the prevalence of malaria. When water is 'admitted 
in large ‘amount to the surface of a low-lying country, all 
the small pools are converted into large ones ; on the one 
hand 'the r&tio of dangerous edge is greatly reduced and on 
the other hand the temperature of the water is speedily 
raised with the result that the output of anopheles mos- 
quitoes is restricted. 

32— Indleaot Effeot of Embankments on Malaria. 

I 

| * 

66. Embankments that provent flooding may thus be 
a direct cause of malaria, hut they also tend to increase 
•/.he malaria of delta tracts in an indirect manner. The 
cessation of inundation, as we have seen, causes a decline 
of agriculture, leading to economic stress among the 
population, ft causes also a coincident increase of anopheles 
mosquitoes leading to the spread of malaria infection. 
Thto final result, is an extraordinary exaltation of malarial 
disease, signalised by the < occurrence of a serious epidemic. 
This epidemic malaria in turn* causas depopulation, 
partly by increased mortality %md reduced fecundity and ' 
partly by stimulating migration. And depopulation 
introduces a further vicious cycle Causing a still further* 
increase of malaria and still greateV depopulation, until in 
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badly affected localities the population is eventually either 
entirely obliterated or reduced perhaps to a tenth of its 
former number, the sites of ,once densely populated 
towns and villages quickly lapsing into almost impenetrable 
jungfe. 

I | # 

* 33— Why the Danger or Embankments was not formerly 
t understood! • 

67. When the embanking of the delta tracts was 
beguif,* first as a measure of Hood prevention, as in the case 
of Burdwan, MurshidabiAd and Nadia, then for roads, as in 
cast* of Jessore, and finally owing to the construction of 
railways, few persons realised t‘hat the process was fraught 
with danger. Even aflor # attention had been called to the 
outbreaks of fevor that followed I he construction of 
embankments, the term ‘’water-logging” which was fre- 
quently employed without having been clearly defined 
appears to hav*o led to a misunderstanding of the situation. 
In those days the cause of malaria was unknown, hut 
medical authorities were wont to ascribe it generally to 
water-logging,” meaning t hereby a £uper-Saturation of 
thq soil with water. Rajah Digambar Mittor, when seeking 
to explain the epidemics of malaria that occurred in associa 
tion with the construction of embankments, suggested that 
they were due to wator-logging ” produced by thpso 
embankments. By “ water-logging,” however, he appears 
to have meant “ obstructed How” rather than super- 
saturation of the soil. It may ho remarked that the 
term is frequently used by Bengalis in the former sense at 
the present time. Obviously, obstructed flow may occur 
either in association with excess or as the result of 
deficiency of water ; but in Bengal, it is deficiency rather 
than an excess of water that is’ especially dangerous, and 
that is concerned in particular with the obstructed flow so 
often observed in the case of the silted-up channels of 
malarious areas. When, however, the ihedical men and 
engineers, who wfire asked to investigate the* epidemic 
fever, sought for evidence of water-logging, they naturally 
looked for evidence of the saturation of the* soil, which* 
that phrase ordinarily implies, and, failing to^discover much 
evidence of this, they declined to admit that* water-logging 
was the explanation of the epidemic fever ; whereas, had 
they enquired into the question ‘obstructed flow and a 
reduction of the suKace Water in the affected tracts, they 
would have found, m in tact many of them did find, 
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evidence of this on all sides. Even in comparatively recent 
times, a similar misunderstanding has often prevented an 
appreciation of the real facts. Recently a serious increapo 
of malaria in a village near the Sara Bridge followed th? 
shutting out of flood water by .the construction 'of an 
embankment. In reply to an appeal from the -District 
Magistrate, the engineers who were responsible insisted 
that the village must in reality have become more healthy, 
rather than loss So boefflise. owing to the embankment, it 
was much drier than before. In this case it was true that 
the vilfage was drior than formerly, but it was also true' 
that the breeding of anopheles had been greatly increased 
in consequence of the numerous small isolated collections 
of rain water that had taken 'the f>laco of the former general 
flooding of the* village site, with the rosult that malaria had 
greatly increased. 


34— The Effect of Superabundance of Water on 

Malaria. 

68. As a* matter of fact, few peoplo are aware that for 
centuries it has been known that the partial drying up of 
large swamps often venders thorn intensely malarious, and 
that in low-lying deltaic tracts a heavy rainfall and the 
occurrence of inundations prevents malaria and serves to 
keep them healthy. “ In some marshy countries,” says 
Davidson, “a heavy, rainfall diminishes the prevalence of 
fovor by covering the marshy ground with a protective 
sheet of water. Thus, in the Netherlands, it has often 
boon remarked that rainy years are healthy yerrs, while 
hot, and dry seasons are feverish.” “Very hoavy rain,” 
says Soheube, speaking of conditions affecting malaria 
prevalence, “ has a deterrent influence on naturally damp 
soil. . . At the hoight of the rainy season. . . in Deli 
in Sumatra (Martin), and Now Guinoa (Schellong), the 
minimum numbar of cases of illness is notified.” Ho 
explains this by observing that “a thorough*soaking of the 
soil is deleterious to the development of the mosquito.” 
“ In many regions,” says Craig, “ where abundant rains 
occur, malaria is rare, oven though* the anophelines are 
present. This ‘is explained by the fact |hat in such region* 
the rains are so heavy and continued that th$ breeding 
places of mosquitoos are washod out and ova and larvrn 
do not have a chance* to develop, op that no infected, 
individuals are resident in the locality. In the former 
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instance in unusually heavy rainfall may act as a pro-’ 
tection against malaria.” Manson, /oo, has observed the 
s^pie thing and explains it in the following passage : — 

m “ In some places, particularly in those that are low-lying, flat and 
swampfy, fevers of first invasion disappear almost entirely when the 
country l^ecopies flooded. In some places, much rain will 

scour oq,fc the mosquito pools, in other places it will just fill them. . t 

. The key to the explanation of the vafying lelsltion of malaria 
to rainfall is to be found in the influence of the latter on the local 
mosquito pools.” * * 

69. Tlio passages quotod above show that it hats long 
b.een "recognized that in low-lying countries a super- 
abundance of surface water, far from being harmful, may 
oxorf a beneficial influence upon malaria. And authorities 
like the late Professor Angelo Colli and Prefessor Julius 
Manna burg have always regarded flo?>dingor “ covering by 
water ” as useful measures for the control of the disease. 
The former author in his classical monograph on “ Malaria 
according to tlyj New Researches” refers to this method of 
combating malaria in the following words : — 

“ Covering can, so to speak, also be made with water. If a 
stratum of water bo made to cover a malarious site, s> long as the 
water remains at a constant level, there will be brought about a 
relative improvement. . . This subineision in certain cases is only 
relatively beneficial, and its real value will have to be tested in the 
light of the new theory regarding the origin and propagation of 
malaria by means of mosquitoes. Tims perhaps will be explained 
wliat seems to be a paradox, namely, that the suppression of i&n 
epidemic of aquatic origin is brought about by the presence of 
water.” 

35-Embankments a first step In reclaiming a delta. 

70. The first effect of constructing embankments in 
low-lying areas subject to inundation from, rivers is to 
reduce very largely the total volumo of water present on 
the surface of the land during the actual flood season, 
which in hot countries is t he malarious season. This 
reduction of the surface water causes a great increase 
of malaria. »Tho second result, is that, the amount of 
rain water, thjit is held up after the flood is, over, and 
the water-level of tho rivers has fallen, may be con- 
siderably increased because tho embankments tend tc^ 
chock tho “ run off” ffom the land surface. This does not 
Usually affect malaria very much, because* tho soason of 
no,w infections is nearly over, hut it damages agriculture, 
fihnbankments, therefore, cause an extraordinary change in 
the entire regime o^a delja. Marty deltas, it, is true, have 
Doon reclaimed and p^t und*>r pasture or dry cultivation ; 
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and this reclamation has necessitated the construction of 
embankments. But it has been necessary in all such cases 
to provide special systom^ of drainage, usually by means «of 
pumps. Examples of this are to be seen in the case pf the 
Po. the Rhine and the Scheldt, and in the Fen district of 
jSngland. The construction of embankments is oftbn there- 
fore a first step in the*reelamation of a delta. But deltas 
that have bee$ eipbanked without any corresponding 
reorganisation of their drainage, are only partially 
reclaimed. The situation of the population of a delta that, 
has been left in this condition is deplorable *fti tho 
extreme. Agriculture is seriously interfered with. The 
cultivators cannot grow the sjj,me amount of wet crops 
as formerly, qwing to the lack of fertilising river silt and the 
fact that in some portions of the, country there is too little 
water while in others there is actual water-logging : and 
they cannot grow dry crops because drainage by gravity is 
not sufficient for this purpose. A hove ail tho people are 
exposed to recurring attacks of epidemic mafaria as a result 
of the partial reclamation of the country by tho ombank- 
meuts. 


36— Partial Reclamation of Low Lands always oonduoes 

to Malaria. 

* 71. Throughout all ages history is unanimous on 
this point that, the partial reclamation of swamps invari- 
ably leads to au appalling increase of malaria. 

“ No one in Hollan<l,” says Wilson, speaking of the influence of mala- 
ria in causing disease, “ lias any doubt as to tho origin of this power, 
but ascribes it uniformly to the drainage of some lake. . It was even 
foretold by several writers that fevers would result from draining 
the Lake of Haarlem, as took place in the years 1608, 1641 and 1771) 
from draining several polders. At Ilaarlem the summer of 1779 was 
extremely hot and a fever epidemic appeared which continued for 
three years. Itwaij ascribed to the draining of several polders.” 
“ So long ” he adds “ as the Lake of Haarlem was a lake, or mere, so 
long'were its banks healthy. But drain it partially* and you must be 
prepared for the result. There is n<> middle course. It must be 
•arrested by the hands which drained or attempted to drain it and 
converted into healthy pasture land or a Wheat field. . The effects 
of partial or incomplete drainage have ever been the same.” 

72. The influence of paitially reclaiming swamps or 
lakes on tho health *ef the inhabitants was frequently 
discussed during the last centfii'y, Specially in connexion 
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with the draining of the low-lands of Biensten and’ 

de Wonner, etc. The reclaiming ©f the La Chartreuse 
swamp near Bordeaux is also a classical example. After 
fche work was commenced in the summer of 1805, an 
appalling epidemic broke.out which caused 1<",000 cases of 
porniciods malaria and .3,000 deaths. A similar occurrence 
also todk place in the neighbourhood nf Peterborough about 
i860, following the reclamation of the Whittlesea more. In 
his ropoH to the Privy Council On this’ outbreak, Dr. Paley 
remarked *' The first effect of the improved drainage # of the 
largo f'fen districts has been rather to increase the pre- 
valence of a rue.” In Bt*ngal, the construction of embank- 
ments in I lie delta tracts lias been followed by similar 
results. But in this case the evil has been infinitely 
greater. In all the other instances mentioned, re- 
clamation was finally completed, so that the reclaimed 
areas boeaine rich farm lands, from which the local 
population eventually derived great benefit. But in 
Bengal there* has been no attempt to turn the rice 
swampS into wheat land and pasture. On the contrary, 
natural irrigation with river water has been stopped and 
drainage obstructed. And the inevitable result has been 
agsicultural deterioration and epidemic malaria. It must 
not bo suppo ed that those responsible for the omb^nking 
of the coiud ry had any idea that such results would 
follow. Tln-y aimed at increasing the welfare of the 
community by preventing floods and improving communica- 
tions But t,h<‘ disastrous results *of this policy lias 
at last become apparent, and every endeavour must now 
bo made to prevent a continuance of the error and to 
remedy, as far as possible, tho evils that have occurred 
through past mistakes. 



CHAPTER v. 


Agricultural Decline and Malaria In Eastern 

Bengal.' 

37 — The possible Extension of Malaria and ooinoldent 
Agricultural beollne In Eastern Bengal. 

73.' Tlio evils of endemic and epidemic malaria agri- 
cultural decline and depopulation (from which such a large 
proportion of tho deltaic areas of Lower Bengal have Jong 
been suffering, ajnd which have been shown in tho present 
report, to be ‘the dirott outcome of the disastrous policy 
embarked on some seventy yehrs ago, of embanking the 
country in every direction mainly for I he purpose of railway 
and road construction, are serious enough to merit the most 
careful attention with the view of discovering an effective 
remedy. But beforo passing on to consider what that 
remedy should be, a note of warning must b<> sounded in 
respect to thpso parts of the country which have up to tho 
present remained largely immune from the evils we hqvo 
been discussing. The existence of malaria, /Agricultural 
deterioration and depopulation, especially in the Burdwan 
and the Presidency Divisions, has long been admitted, 
bud unfortunately the explanation of those troubles has not 
as yet received official recognition, although, as has been 
shown by the extracts quoted, numbers of observers have 
* from time to timo pointed to the existence of embankments 
in the delta tracts as tho cause of one or other* of these 
evils. At the present time, heedless of danger, embank- 
ing of the comtry is being continued and railway and road 
construction is being rapidly extended. Moreover, the ex- 
tension of communications of this kind is now beingpushed 
forward with feverish activity in the most fertile and pros- 
perous portions of«Eastern and Northern Mongal*. which have 
up tq t he presont. maintained an enviable preeminence for 
agricultural proluction owing to tho favourable inlluenco of 
tho fertilising inundations which they still enjoy. If the 
facts that have been quote 1 in this note are correct, and tho 
conclusions that have lA j en drawn from fjhem are sound, the 1 
further extension of embankments in the deltaie areas ®f 
Northern and Eastern, Bengal without simultaneously 
‘providing for irrigation vtfill be fraugh/ with the gravast 
consequences not only to thes<5 aroaA themselves but to 
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the trad© and comrnorce of Calcutta, the civil administration 
and prosperity of the country as a wjhole. 

38— Effeot upon Calcutta and the 4ute Industry of 
the Embanking or Eastern Bengal. 

74.* A consideration of the following facts will show 
that, quite apart from the question of jnal^ria, this warning 
is nuouod. The manufacture of jute, as is well known, 
^is now the most important industry in the province, g.nd the 
expoA*of raw and manufactured jute is its most valuable 
commercial asset. Thei*e are over 70 jute mills in the neigh- 
bourhood of Calcutta employing several hundred thousand 
workers ; and tho extension ol this industry has been the 
most efficient factor in reclaiming many of the riparian 
municipalities from the ravages of malaria from which many 
of them were suffering up to a few years ago. The prospe- 
rity both of the city and its environs and of the port of 
Oalcutta is largely bound up with the continued prosperity 
of the jute trade ; moroover, the civil administration is also 
vitally interested in view of the fact that the export duty 
on jute contributes annually no less than Rs. 3', 00, 00, 000 to 
the State Exchequer. The jute trade is dependent upon an 
abundant and cheap supi ly of raw material. At present 
over 60 per ypnt. of tho jute grown in Bengal conies from 
the non -malarious eastern districts ; Northern Bengal con- 
tributes over 25 per emit, of tho supply and the Burd wan 
and the Presidency Division barely 1C per cent. Hence tho 
jute trade largely relies upon the productiveness of Eastern 
Bengal ; and to maintain the production of jufo it is essen- ’ 
tial that tho present extraordinary fertility of this parti- 
cular area should continue. The fertility of Eastern 
Bengal, as wo have seen, is almost wholly due to the 
inundations with silt-bearing river water which these delta 
tracts now enjoy. 

“The plains of Eastern Bengal watered by the Brahmaputra” says 
Hunter “yield unfailing harvests of rice, mustard oil seeds, and the 
exhausting juto crop year aftei year without any deterioration.” 

“ Jute has long been one of the principal sources of profit to the cul- 
tivators of Eastern Bengal.” 

As far back as 1877, tho Collector of Dacca reported 
' that : 

“ The jute grown in Dacca alone and sold at Narayanganj put a 
sum of money into tho hands of the cultivators sufficient to pay the 
• rental of the whole u'^trict and leave a profit of from eight to 
thirteen lakhs of rupees” 
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hi 1908 it was stated that, on a conservative ewimafce, 
jute brought not leas shaft Be. 4$ crores into th«*'Dacca 
diet net and, it is jxmsil^le, that the value of the crop may 
even have reached a figure as high as Rs. 5*4 croree 
In 191 3-14 the gross value of the jute crop of the whole 
province approximated to Re. 70 crores. 

? f 

ptqulpts River Slit. 

75., “ Very little manure is given to jute,” says Watt v 
•‘especially where silt deposit takes *place. In fafct the 
superiority of certain districts (Are r others is largely a 
consequence of the heavy annual deposit of silt.” /Hie 
Imperial Gazetteer and the Eastern Bengal and Assam 
Gazetteer express similar views, the former stating that 
“jute is chiefly grown on land which is liable to ho sub- 
merged when tho plants have made some progress, for it 
is an exhausting crop on soils not benefited by inundation 
silt and the latter remarking “ tho crop is an exhausting 
one and the low lands which are annually floo led and 
fertilised by silt deposits from the rivers are therefore best 
suited for it.’’’ 


40— Jute an Exhausting orop. 

76. “ Jute is an exhausting crop ” sayS tho Statistical 

Account of tho Pabna district, so that ‘ pulses cannot be 
sown in the cold season on jute land,” and jute cannot bo 
profitably grown for two yoars in succession on the same 
land.” 

“ In the firet year of its growth,” says the Statistical Account 
of the Nadia district, “ a bumper crop is obtained ; in the second 
year the yield is somewhat less ; and in the third year the quality 
as well as the quantity of the plant deteriorates considerably, the 
soil having become impoverished in consequence of the exhausting 
nature of the crop.” 

Views similar to those quoted above were also expressed 
in the report of the Jute Commission a number of years 
back. “ I havo no hesitation,” states the Commissioner, 
“ in saying that jute exhausts and impoverishes the soil 
to a much groater extent than the other crops. As to the 
degree to which soil is exhausted"by the cultivation of jute, 
I am disposed to think that' ordinary virgin land which 
has been broken up for a first crop of jute, will, in tho 
second year, lose about 25 per cent, of l/s production power ; 
and that, even though afterwards manured, the yield in the 
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vietionff the dxhaas^s^^oWer & ^ m. t&e 
, t -opis so frequently shifted from field to field, 
t attdf 1 can testify from my, ownobservatione and enquiries 
that* except in the case of chars flooded annually, and very 
low lands ‘which derive similar benefits by t drainage, it ^s 
,in very few instances only that jute»is grown on the same 
land for mbre th'an three years consecutively.” “Jute* 
grown ©n poor land is. generally* admitted to be of bad 
quality and the output is very l%w.” Th§ Nadia Qazettter 
hematics that*: 



’ “The quality of the jute*grown in Nadia district is inferior to that 
gro-yn in the districts north of the Ganges. A further explanation 
«*s regards Nadia itself lies in*the inherent infertility of the soil.’* 

• 

77. The foregoing guotai^ons* show that there are 
grounds for believing that in the absence of irrigation an 
abundant supply of good quality juie so necessary for the 
maintenance of the prosperity of the great Jute Mill Industry 
can be ensure*d only by a continuance ot the inundation 
and silt deposit characteristic of the jute-growing areas of 
Eastern Eengal, and that the shutting out of these inunda-* 
tions from the country by the constructing of'embankments 
will have Hie eftect of seriously diminishing the output 
of jute that is so necessary to the well-being of the most 
import mt of the manufacturing industries of the province. 


41 —Threatened Reduction of the Jute Crop. 

e 

78. Should the existing supply of raw jute be 
seriously reduced, the effect will be ruinous in the* 
extreme^ not only upon the jute and allied industries, the 
commerce of Calcutta, the trade of its port but also upon 
the revenues of the Government and*the general prosperity 
of the whole country. If embanking of the fertile dolta 
tracts of Eastern Bengal is allowed to go on unchecked, 
such a reduction may occur within a measurable period of 
time. The ftormal area under jute in Eastern Bengal is 
1.373,800* acres compared with 694,500 acres iu Northern 
Bengal and a total of 353,000 acres in the Burdwan 
and Presidency Divisions. The former figure represent# 
14 7 and 9‘6 pqr cfent. of the net cropped area, the 
•latter only 3’5 per cent.# (viz., 13 per c£nt. in Western 
Bengal and 0’6 in Central Bengal). The outturn of jute per v 
acre is admittedly higher in Eastern Bengal, and the quality 
» of. the fibrous usually considered fo be better also. These * 
differences are probably bofrh due to. the fertile character o¥ 



a 'soil annually enriched with river silt and an abundant 
supply of water in whiqh to steep ttie fibre. The poverty 
of the soil in Western and Central Bengal necessitates 
larger proportion of the cultivated area in these two divi- 
sions being devoted to food crops, a fact which prob&bly 
accounts for the relatively small area apportioned to jute. 
The embanking, of the, land in Eastern Bengal will un- 
doubtedly be followed by the rapid impoverishment of the 
soil in that area afeo which, in turn, will certainly eompel 
the cultivators to put more m oi their land under food crops 
and less’ under juie. 

42 — Present and Future Production of Jute. 

* • * ^ 

79. The present estimated yield of jute | er acre in the 

four divisions under discussion is i — 

3:2 bales per acre for Western Bengal. 

3:5 ditto Central Bengal. 

3:7 ditto Northern and Eastern Bengal. 


, The total yield ior the four divisions on those estimates 
would reach, in an ordinary year, the iotal given below, 
based upon the figure for 1918-19: — 

Proporfc on of total 9 
j leljl of 4 divisions 


Western Bengal 
Central „ 

Northern „ 
Eastern „ 


I ih - Ter ot at. 

Id 2,240 1-9 

(533,250 7-7 

2,13(5,730 26*4 

3,194,430 63-9 


Total ... .\14S,(550 


JUTE PRODUCTION 
IN BENGAL £ 

bl 

U 
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If it should happen that, owing to the lessened fertility 
of the soil and a corresponding lack ot water, the outturn of 
jiJte from Eastern and Northern Bengal is diminished until 
ft fall* to the same proportion as that supplied by the other 
two divisions, the jute harvest of the former areas will be 
reduce^ by five or six million bales .per an^um. Even if 
Eastern Bengal is reduced to the oondition*of the Presi- 
dency Division, which as far as jute *is concerned, is not 
yet quite so bad as that of the Burdwan Division, its jute 
harvest would be lessened by over four million balds. In 
view of the fact that neayly 64 per cent, of the total jute 
grown in the province comes from Eastern Bengal the 
disastrous effect upon the whole jute industry of an 80 per 
cent, reduction in the jute crop of this, area will be apparent. 

• 

43 — Threatened Agricultural Decline In Eastern Bengal. 

80. A comparison of the following figures which relate 
to agricultural® conditions in the three divisions under 
discussion will show that a catastrophe of this kind is by 
no means outside the range of probability : — 


’ Total 

cultivable 
| atra. 

Cultivable 

F * Hows 1 Ke ^ cu P- ilwicecrop- 
*-Ilows | lJt , d | ped nre *. 

j Gross crop- 
ped area. 

Western Bengal j 7,044,293 

Central 1 6 486,455 

1 783,063 

1 ,1 44,205 

1 

928,030 4,337,200 

1,544.150 3,798,100 

374,800 

727,300 

I • 

j 4.708,000 
j 4,525,400 

Total J 18,530,748 | 

2,327,268 

2,472,180 ( # b,I3G 300 

1,102,100 ( 

| 9,233,400 

Pastern Bengal 10,213,700 751, 63 

371,747 j 9,090,700 

2,218,700 

11,309,400 


The relative conditions of I ho three divisions may be 
judged from the following table : — 



Proportion of 
■waste to culti- 
vable area. 

Piopoition of 
fallow to culti- 
v vble area. 

Net cropped 
area to total 
cultivable aiea. 

Proportion of 
twice ctopped to 
net cropped area. 

* 

• 

Western Bengal *. 

Central 

Eastern ,, 

Per cent. 
25-3 

176 

7*3 

• 

Per cent. 
13*1 

23*8 

3-6 

• 

Per cent. 
61*5 

58*5 

89*0 • 

. Per cent. 

# 8*6 

19*0 

24*4 


Taking Western ®and (Tentr^l Bengal together, 21*6 per 
cent, of the total cultivable area was lying waste in 1918- 
1919, 18*2 per cent, was current fallow, only 60*1 per cent. 
^as*actually cultivate^, and J3’5 per cent, of the cultivated 
area was cropped twice. 
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If cultivation in Eastern Bengal is reduced to the same 
deplorable state in vthich it now is in the two other 
divisions, the amount of waste land and fallow, respectively, 
will be greatly increased, the cultivated area will be ggeatljA 
reduced and double-cropping of the land will become far 
less frequent than at present. The figures cited below 
show the presdnt agricultural statistics of Eastern Bengal? 
compared with tl*e conditions that may be produced in the 
future if the suicidal policy of embanking the country is 
continued : — 



Tiesert condi- 
tion of Eastern 
Bengal. 

Possible futu’e 
couditiou of 
Eastern Bengal. 

I u crease 

Ol 

decrease. 

Peiccntag^ of 
increase or 


t 

Acres. 

Acre^. 

Acres. 

Per cent. 

Cultivable waste 

751,263 

2,106,161 

+ 1,354,898 

+ 180 3 

Current fallow 

371,747 

1,858,895 

+ 1,487,148 

+ 400 0 

Net cropped 

9,090,700 

6,138,439 

- 2,952,261 

; -32 4 

Twice cropped ... 

2,218,700 

1,227,244 

- 991,450 

— 44"6 

Grose cropped 

11,309,400 

7,365,683 

-3,943,717 

-349 


44— The Effect of Agricultural Decline In Eastern Bengal. 

81. Should Eastern Bengal suffer an agricultural 
decline similar to that which has occurred in the Burdwan 
and Presidency Divisions, since these areas were deprived 
of enriching inundations, the resulting diminution of culti- 
vation will be nearly 35 per cent, of the present gross 
cultivated area. But tin's figure by no means represents 
the whole reduction that would occur in the gross agricul- 
tural outturn. It takes no account, for instance, of the 
admitted fact that river water increases the yield of 
cultivated land by as much as 50 per cent., and that 
decreased fertility must follow the shutting out of this 
water from the fields. At present, according to the 
Impend Gazetteer , the outturn of rice in the fertile 
swamps of Easteihi Bengal is half as much again as in other 
P'arts of the province. Careful experiments in the area 
irrigated from the Eden Canal system also have shown that 
•fields receiving river water yield 25 piaunds of paddy per 
acre, whereas they give only 16 maunds per acre when 
cultivated with rain water. It?* may .safely bo assumed', 
therefore, that depriving the fields of Eastern’ Bengal of 
silt-laden river water w^l diminish their yield by 33‘3 per 
cent. Hence we have to consider not merely the effect of- 
a possible reduction in 1 the gros's cultivated area, amounting 
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to nearly 86 per cent,, but the additional lose occasion ed*bjr 
a diminished yield from the 7,364,683 acres that would 
^till remain under cultivation. In the circumstances stated, 
# the total production of this lattSr area might conceivably 
be reduced to an amount equal to that now derived from 
only 4,810,456 acres, the loss being equal in amount to the 
.total drops grown on 2,455,227 acres, or thp* third part of 
7,365,683 acres. Adding 2,455,227 acres to 3,943.717 
shown *in column 4 of the above tabled gives a total of 
6,398,944 acres, which represents the possible loss of 
productiveness which might, conceivably follow it agri- 
culture in Eastern Bengal is reduced to a condition similar 
to |hat prevailing in the Burdwan and the Presidency 
Divisions. By assigning* a hypothetical .cash value to the 
produce of an acre, this possible logs can b% expressed in 
tei*ms of money. If, for’example, the value of the present 
gross yield is estimated at Rs. 50 per acre, the monetary 
loss might be in the neighbourhood of 32 crores of rupees, 
but if the average value of the crops is put at Rs. 100 
per acre, which is a more likely estimate at present prices, 
the total loss would be double this, or nearly 64 crores of 
ruf ees per annum. , 

82. The above estimate assumed a 33'3 per cent, 
reduction *in outturn, resulting from the cessation of 
natural irrigation by river water m addition to a' 35 per 
cent, decrease of acreage. But in place of this we may 
take another estimate. In Eastern Bengal, the avenge 
harvest deficiency over a long series qf years is about 7 per 
cent, of the normal. But the mean average crop deficiency 
in Western and Central Bengal, when taken together, is* 
about 22 per cent. Assuming that the shutting out of river 
water from Eastern Bengal would increase the average 
harvest deficiency from 7 per cent. £o 2 2’2 per cent., the 
loss of crops occasioned on Z, 365, 683 acres would then 
represent a reduction in agricultural production equivalent 
to the yield of 1,119,203 acres, or nearly 10 per cent, of the 
present gross cropped area. Allowing 35 per cent., there- 
fore, for I’and .going out of cultivation, plus a further 10 per 
cent., for the loss of outturn owing to lessened fertility, .it 
equals 45 per cent., a figure which represents the possible 
annual reduction in *the agricultural outturn of Easterlt 
.Bengal. This would dimmish the harvest fro 55'0 per cent, 
of what it is at present. In* other words, supposing the 
agricultural production of Easterq Bengal is now worth 
-Rs. 113 crores’ per annunj, the loss occasioned by reducing 
this area to the condition* of the Bprd wan and Presidency 
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‘Divisions would be more than Rs. 50 crores per annum. 
This figure, it may l^e observed, is about the mean of the 
minimum and maximum estimates of the loss previously 
given in paragraph 81. * ( 

The reduction of Eastern Bengal to a condition resembl- 
ing that of the Burdwan and Presidency Divisions would 
probably ent&ij the ruyi of the jute industry, the commercial 
decay of Calcutta and the financial embarrassment of 
Government. l)Ut these are not the only consequence* to 
be considered, for it is certain that, coincident with the 
agricultural decline of Eastern Bengal, a fearful exijpnsiqj?' 
of malaria would take place in .the delta tracts of that 
division, at present largely exempt from the disease. 
A similar fate, would also thr'oaten the riparian muni- 
cipalities adjacent to, Calcutta, which owe their present 
comparative immunity from malaria to the mill indus- 
tries established within the last 50 years. For. with the 
decline of the jute industry, these towns would suffer from 
economic lo^s and depopulation, epidemic unalaria would 
become active again, and they would once more relapse into 
the condition of jungle, from which they have only recently 
emerge 1. 

( 

45— The EfTaot on Central and Western Bengal. 

83. Under the conditions that have been pictured in 
the last three paragraphs, what hope would remain for the 
millions of unfortunate people in the malarious areas of 
Western and Central Bengal ? Immediate relief can only 
be given to the affected tracts by lavish expenditui’e on 
quinine, the provision of an adequate health staff and the 
establishment,/)! co-operative anti-malarial societies, pending 
the carrying out of the huge schemes of irrigation, which 
alone offer an effectual remedy for the associated evils of 
agricultural d icline, epidemic malaria and depopulation. 
But how will the money required for these objects be found, 
should the agricultural prosperity of that portion of the 
province, which is the main source of the country’s present 
wealth, be destroyed, or even seriously injured, as is certain 
to be the caso if the former policy of embanking the delta 
tracts is to be continued ? It is of course unnecessary to 
press this point- ; the mare asking»of the question is enough, 
to show how much the future welfare of the country 
depends upon the continued health and prosperity of the 
only part of the province* as yet largely exempt from the * 
attacks of malaria. 
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CHAPTER VI. 

How to prevent the extension of Malaria In 

Bengal. 

.46— The Remedy f op Malaria In the Oelta Tvaote of Bengal. 

84. The facts discussed in tfye earl^r portions of this 
report show that the great increase of malarial disease that 
has taken place in many deltaic ai'eas in Bengal is'inextri- 
\jabl$* bound up with a coincident decline of agricultural pro- 
duction owing to diminished natural irrigation and impove- 
rishment of the soil. The common origin of these associated 
evils is to be sought in the decay of the* river systems of 
the delta tracts, accelerated by the embanking of certain 
main channels, the mischief being further greatly intensified 
by the construction of thousands of miles of raised roads 
and railways. At present the natural divisions of Western 
and Central Bengal are chiefly affected ; but certain deltaic 
tracts in Northern Bengal have long been suffering in 
similar manner ; and vast areas in Eastern Bengal that have 
so far remained comparatively immune both* from malaria 
and from.the agricultural decline that invariably accompa- 
nies an increase of the disease in rural areas, are -now 
seriously endangered owing to the rapid extension of 
embanked communications of all kinds. At the present 
moment, therefore, Bengal is faced with two problems : 
(l) how to avert the threatened extension of malaria, espe- 
cially in Eastern Bengal ; and (2) how best to remedy tbg 
malaria already existing both in that and in the other 
natural ‘divisions of the province. The present chapter will 
deal with the first of these problems* 

• 

47— How to avert the Extension of Malaria In Healthy 

Deltalo Areas. 

85. peftaic areas that are as yet free of malaria are 
characterised* by possessing rivers that are still active, 
spilling over their banks in the flood season and distributing 
their water through the numerous channels v^hich interest 
the country. As a result of the free supply of flood water, 
these areas are subject t9 inundation, but hs they have few 
embankments, the water parses freely over the surface, of 
the country d,oing no harm and bringing wondrous fertility 
to the soil. At the end of the wet season, the river levels 
fall and the flood waiter fldws away* from the surface of the 
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l &n cl leaving the soil well-drained and healthy , alike for 
crops and for human Wrings. It must always be remem- 
bered that these favoured localities, although they now 
enjoy a wonderful immunity from malaria, do so only 
because of the superabundance of surface w ®J' er "that 
covers the country during the wet season. ‘Moreover, 
fcfiey are in 'a state . of unstable equilibrium. For if 
conditions in respect to the flow of surface water over the 
country are interfered with so as to diminish the oormal 
amount of flush and permit instead of the formation of 
small pools of relatively stagnant rain water so favourable 
to the breeding of anopheles mosquitoes, these healthy 
prosperous districts are capable of becoming intensely 
malarious. To prevent deltaic arfeas of this kind becoming 
malarious, the ‘integrity of the rivers and smaller water 
channels mast be maintained, the'iv respective spill areas 
preserved, and normal inundation encouraged. Above all. 
the erection of embankments of any kind, whether for 
railway or road communications or other purposes, must he 
absolutely prohibited until such time as it is possible to- 
devise a method of construction that will not interfere 
with the natural irrigation or the drainage of the country, 
and will neither damage agriculture nor the health of the 
community. The consequences of embanking ddltaic areas 
are so exceedingly serious, both to cultivation and the public 
health, that once the danger has been recognised, the 
obvious course to follow, if these consequences ate to be 
averted, is to stop the further construction of embank- 
ments. Hut action in this direction must be combined 
with a number of other measures if it is to do more than 
postpone for a short period the threatened evils of. malaria 
and agricultural decadence. It will be necessary, for 
example, to examine ‘the rivers and other water channels- 
with a view of adapting them, if possible, both for irriga- 
tion and for purposes of communication. In the latter 
connexion it must be remembered that it is often the 
urgent demand foe improved communications that lias led 
in the past to the heedless embanking of the country, a 
process fraught, as we have seen, with results disastrous 
alike to health and agriculture. 

The systematic examination of the rivers and water- 
courses in every district must be further supplemented by, 
a survey of their local spill area and tile lines «f interior 
drainage. All embankipents that already exist must also- 
be cai’efully scrutinised wi(h a view to determining wljat , 
effect they have upon the naturrl irrigation and drainage 



of the, locality and whether «the water- wayp provided are 
sufficient for this double purpose. ‘ *Lastly, the movements 
fit the ground water must be watched in order to determine 
the level of the local water table and its seasonal varia- 
tions, and to discover wbat influence these fluctuations have 
upon the growth of crops and the condition ^of the pub^c 
health. 


48— Summary of Measures required In Relatively Healthy 

Deltalo Areas. 

,85. Briefly summarised the measures that must be 
adopted to aveit the spread’ of maliria in all districts 
possessed of healthy deltaic or sub-deltaic areas are as 
follows : — 

(1) Prohibition of further embankments. 

(2) Surwey of existing embankments and their water- 

ways. 

(3) Survey of river channels and other water-courses. 

(4) The mapping out of local spiU areaS and lines of 

drainage. 

(5) Improvement of existing water channels. 

(6) Examination of the local water-table. 

In addition to the measures ^numerated above, an 
attempt must also be made to determine, as accurately as 
possible, the existing conditions in respect both to malaria 
and agriculture. Much of the work thus briefly outlined 
can be undertaken immediately by the existing staffs of 
engineers, overseers and sub-overseers and the health 
officers employed by district boards. Such further assis- 
tance as may bo necessary should be provided by Govern- 
ment under the direction of the respective departments of 
Irrigation, Agriculture and Public Health. 


49— Prohibition of Embankments! 

87. The evidence incriminating embankments as the 
cause both of agricultural decline and increased malaria is 
so overwhelming as to warrant immediate action to prohibit 
the construction of any pew embankments. But whether 
tliis can be done finder existing .legislation is doubtful. 
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Section 76 of the Bengal Embankment Act, 1882, reads as 
follows : — » 

(o) Every person, wlv) in any of the territories te 
which this Act extends, without the previous* 
permission of the Collector, shall erect any new 
embankment, or shall add to any Existing 
embankment or shall obstruct or divert or cause* 
or wilfully permit to be obstructed or diverted, 
any water-course, if such act is likely to inter- 
fere with, counteract or impede any public em- 
bankment or any public water-course ; 

(l>) every person who within the limits of the trac* 
included in any prohibitory notification uirdcr 
section 6, without the previous permission of 
the Collector*, shall erect, or cause or wilfully 
permit to be erected, any new embankment, or 
shall add to any existing embankment, shall 
obstruct or divert or cause or wilfully permit to 
be obstructed or diverted, any water-course ; 
and 

(c) every person who shall abet any such act as is 
mentioned in clauses (a) and ( b ), 

* 

shall be liable, on conviction, to a fine not exceeding five 
hundred rupees or in default of payment to imprisonment of 
either description for a period not exceeding six months. 

But although clause (a) of section 76 appears to cover the 
creation of new embankments, section 6 of the Act which 
defines the powers of a Collector makes no reference to ihe 
'prohibition of embankments. If it is feasible, however, to 
prohibit the construction of new embankments uvder the 
Act, orders on 'this point should be issued forthwith. The 
temporary prohibition of new embankments, whether for 
road or railway construction and, except perhaps in very 
special circumstances, for flood prevention also, is not 
likely to cause serious damage or much inconvenience ; 
while on the other hand it may avert much' future evil 
Immediate.action can do no harm whereas de^ay is danger- 
ous. If action is postponed pending a full discussion of the 
question, greav harm may be done before a final decision is 
arrived at. 


< 

50— Emergency Legislation. 

88. Supposing immediate action to prohibit embank- 
ments cannot be taken under existin| Acts, emergency 
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legislation will be necessary. This legislation shoulo 4)6 
designed to prevent the further embanking of the country, 
^ pending the carrying out of such further investigation as 
Government may consider necessary. Unless precautions 
of *this kind are taken, there is a risk of embankment 
const auction being pushed forward rapidly in anticipation 
of future action by Government. 


51 — Roads, Railways and Embankments a Necessity. 

• • 

89. In order to avoid misunderstanding, it is just as 
wgll to point out that the prohibition of embankments is 
suggested as a temporafy measure only. It is aimed at 
preventing that unnecessary damage to the'eountry which is 
bound to occur when eirfbankments are constructed, as they 
have been in the past, without due regard to the fundamental 
needs of agriculture and the public health. Railways and 
roads have «played an important part in the social and 
commercial organisation of the country, and will continue 
to do so and they will be needed in increasing numbers as 
development proceeds. Even Romesh Dutt, who was no 
lover of railways, after discussing inland navigation, admits 
that thtf present railway system ministers to the wants of 
commerce much more effectually.” 

Rulways, when properly designed with due regard to 
the physical peculiarities of deltaic are is, so as not to 
interfere with the irrigation and dnynage so vital to th'dr 
agricultural prosperity, are of inestimable benefit. Lower 
Egypt, the delta of the Nile, is a striking example of thisf. 
This tract of deltaic country is barely halt the size of the 
Presidency Division, and contains 3,luQ,000 acres of 
cultivation. Rut it possessed ih 1911 no less than 
2,400 miles of railway and 1.250 miles of raised roads. 
This net-work of communications has its proper place in 
the scheme of things. Agriculture and irrigation are 
recognized ms being of vital importance to the well-being of 
Egypt add inconsequence take prece ience ovei; everything 
else, the interests of railways being entirely subordinated 
to them ; and any one who dared to suggest that com- 
munications should • be given primary consideration over 
irrigation would be lookijd upon as 'fit inmate for a lunatic 
asylum. « * • 

But schemes of irrigation should always include im- 
proved communications. Irrigation projects also require 
tLe embanking of the risers in qrder that they may be 
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adequately controlled and their waters properly *ufcilized. 
Railways, roads and r-iver embankments are neoessary 
therefore and must be provided for if future progress is t<j 
be assured, always remembering that they must take their, 
proper place in the whole scheme of organisation. * 
When Sir Arthur Cotton was laying out systems of 
irrigation for the deltas of Tanjore and Godavari, raised f 
roads and bridges were included in the estimates of the 
work. Thus, in Tanjore. with its one million acres of 
irrigated land, no less than one thousand miles of raised 
roads and many hundreds of bridges were provided Iiv 
the original project for the Godavari delta also, it was 
stated that both river embankments and a system of raided 
roads were among the essential 'requirements, the latter 
being especially 1 necessary ‘* to allow of the conveyance of 
produce to the markets and to the"coast through a country 
which is otherwise, from its nature, impassable in the 
rains ’ ; and the estimates allowed for an expenditure of 
17% per cent, of the total cost on the construction of roads 
and bridges. Similar considerations must apply in the case 
• of deltaic tracts in Bengal. When once the more pressing 
needs of cultivation have been looked to and agriculture 
preserved and restored, the question of increasing the 
number both of roa Is and railways must receive attention. 

52— Survey of Existing Embankments. 

90. It is probable, that some information in regard to 
embankments is already available in every district ; but it 
•iS doubtful if there is anywhere a complete record with 
full particulars of the various types of embankments that 
exist. Obviously such a record is necessary, and it must 
include detailed information regarding the number, charac- 
ter and size of the water-ways, and the areas within the 
sphere of influence of any particular length of embankment. 
In order to obtain this information, a preliminary survey 
must therefore be carried out in each district of all existing 
major embankments, including those for flo, 9 d protection 
and for communications, such as railways and roads. A 
more detailed* survey should afterwards be undertaken to 
supplement the information previously obtained. This 
latter survey might be carried oitf simultaneously with the 
suggested examination of wafer-courses and spill , areas and 
the preparation of drainage maps. 

The preliminary survey of embankments need not take 
long and might even be completed in one dry season. 
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It will afford, valuable information on such points as the 
relative height of .embankments, Ihe number and size of 
►the water-ways, the signs of sc< 5 ynr at bridges and culverts, 
the 4 presence of breaches and the evidence of previous 
impounding of water, and deposition of sand and silt. 
Data In 'regard to all these matters should be collected 
and Recorded for future use. Thife initial survey during 
the dry weather must be supplemented by a subsequent 
examination during the flood season. 'The latter will be 
necessary in any case in order to obtain the requisite 
infoffnat ion in regard to ‘‘run off” and drainage; water- 
courses and their spill areas; and the effect of embank- 
ments in obstructing rqu-off ” and restiictinq ‘•spill.” 


S3— Water-ways In Embankments. 

91. Certain special questions that arise in connection 
with cmbanlrtnents require to be carefully investigated. It is 
often supposed that the embankments of roads and railways 
do little or no harm if what is termed u a sufficient number * 
of water-ways is provided. But although bridges aiv 
ajways necessary where an embankment crosses a definite 
water-wa^, for the preservation of the embankment itself, 
the more or less haphazard provision of an extra number of 
culverts beyond those required for this purpose is an expe- 
dient of very doubtful value. Culverts may, of course, 
prevent the impounding of water and the drowning of crops 
but, on the other hand, they may increase the capacity of 
previously insignificant water-courses or lead to the form- 
ation ofrnew ones. The effect of this is to cause the rapid 
removal of water from the fields ; both those situated above 
and also those below the embankment being affected As 
a result water which would otherwise often be retained on 
the fields to the greatest benefit of the crops is rapidly 
removed from the surface of the country. A multiplication 
of culverts* while encouraging the removal of surface water 
from one’ are#,, may therefore seriously interfere with the 
natural irrigation of another. In this connexion, it mustbe 
remembered that drainage of the soil, so valuable from 
agricultural point 6f view, consists in the removal of 
excess of sub-soi^ water* Surface* drain age may sometimes 
be requi*ed to prevent the drowning of crops ; but unless 
it is carefully regulated, it may da immense harm by soil 
denudation and Hie washing away of valuable materials 
required for plant growth* 
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84— Effeot of Embankments in causing Pneshets in 
Rivals and Streams. 

a 

92. The possible effect of embankments in causing’ 
abnormal freshets in rivers and streams and so producing 
such various evils as “ wash outs ” at bri Iges .and cul- 
verts, or the deposit of ^and on lands in the neighbour- 
hood of streams and rivers, also requires investigation. 
Embankments at right, angles to the general slope of -the 
country almost certainly tend to increase the discharge of 
water in existing channels. Water that in ordinary cir- 
cumstances would pass from field to field over the whole 
surface of the country is diverted either to the right pr 
left in a line parallel with the embankment, until it finds 
an open watercourse through which it can escape, greatly 
increasing its storm- water flow. 'The whole system of 
natural flow across country is thus interfered with and the 
consequences are often disastrous both to health and agri- 
culture for the reasons explained elsewhere <in this note. 
The whole of this question requires careful investigation. 

55 — Effect of Embankments on the Water-table. 

(« 

93. Little or nothing is known as to the influence exerted 
by embankments on the level of the water-tabfe. It is 
recognized that variations in the height of the sub-soil 
wafer level have an extraordinary influence upon growing 
crops, and a corresponding correlation has often been 
observed between a high sub-soil water level and malaria 
prevalence. Embankments that impede ‘‘run-off” and 
stop drainage may cause a rise in the level of the sub-soil 
water, while those that shut out flood water undoubtedly 
restrict natural irrigation, and may bo found t,o lead in 
certain areas to an excessive reduction in the height, of the 
wator table. Information in respect to both these points 
as urgently required, and data in regard to them should 
therefore be collected in the course of the proposed survey 
of the water-table. *■ 

56— 'Survey of River Channels and other smaller Water- 
courses. 

94. A survey of all existing water-courses in every 
district is essential. In valley^ ancf up-lauds water-courses 
serve as drainage channels but in deltaic aroas t^iey are 
irrigation channels at one^ season and drains at another. 
If of sufficient size and depth water-Cours^s may also pro* 
vide useful means of comfnunicatidn and so facilitate cheap 
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transport* Water-oom*ses require to be examined there- 
fore from these three points of view : (1) drainage, (2) 
irrigation and (3) communication^. As regards drainage, 
Jittle needs to be said, because it is not this function that 
is lifefely to be overlooked. But it is necessary to emphasize 
the importance of water-courses from the poiqt of view of 
irrigation and transportation, because unlike what has 
happened in the deltas ot other countries thefle two impor- 
tant ftmctiois have been grievously neglected in the deltaic 
tracts of Bengal. Tn the great deltas of China, irrigation 
a#ery extended and general distribution and it is said 
the mcst scrupulous care is taken to save and utilise every 
sou ye of water in cultivation ; and to such good effect that 
in Southern and Central China* it is est imaged that an acre 
of land is made to support^from three to five persons. 

“ In the province of Ningpo, Fo-Kien and Shanghai ” says Kiug 
44 the water is generally taken from small ditches led oat from 
streams or larger canals. Ic is said that in many parts almost every 
farm is supplied from canals or shallow laterals which are 2 or 3 
miles long and from 10 to 30 feet wide, leading out at right angles 
from the main canals often from 200 to 400 feet apart. In the 
province of Fo-Kien where the rainfall is both quite large and well 
distributed, irrigation is still practised bat as a meafls of increasing 
larger yields rather than a necessity.” ( Conditions are very similar 
in the delta* of Siam. Consul-General Jacob T. Child spates that, 
*• about one-half of that country is under cultivation and of this four- 
fifths are irrigated, much of it for rice. The fields are supplied with 
water from canals, which branch out from the rivers in all directions, 
and the main lines are constructed by the general Government but 
those supplying the individual fields directly, are made by the 
individual land owners.” The countries mentioned closely resemble 
many parts of Bengal both in their physical configuration and in tlieir 
agriculture ; and they appear to oiler an example of successful 
irrigation that might well be imitated with advantage, especially 
in the deltaic portions of the province. .To this 6nd, a survey of 
the existing water-courses in every district of Bengal is an impera- 
tive necessity both in the interests of irrigation and the improve- 
ment of agriculture and for the promotion of the general welfare 
of the whole population, by preventing the further extension of 
malaria. For ^iis latter purpose, it is essential that information 
should be obtained in regard to the character of the water carried by 
the various chani%els in the flood season. Observations have shown 
that malaria is least prevalent in areas where the streams contaiti 
silt-bearing water derived from the great rivers. It is ♦this silt-laden 
water also that is most va'uab^e for crops. Streams and khals con- 
taining muddy water of this kind are obviously ip vital connexion 
^ith active rivers, wheareas th1>se which carry only clear water are 
probably mePe drainage channels, f he proposed survey must take 
careful account of these facts. When it is completed, it should provide 
materials for a map of every district and "the entire province in which 
living delta areas are clearly marked out frpm those parts in which 
the active circulation of flood river water has already ceased. 
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BT— Watar Transportation. 

95. Only second in ‘importance to irrigation is the # 
question of transportation. Deltas are naturally *well 
situated as regards water communications and in. th$ deltas 
of almost every r civilized country special attention has been, 
paid to developing facilities for water transportation. 
Holland, Belgium'-and Italy afford striking examples* In 
Egypt we read that “ boat building is the principal industry 
in the country and navigation employs more hands^thaij - 
anything except agriculture. The country, moreover, is flat 
and the current generally in one direction and the wind 
in the other, so r that navigation' is easy. All tolls were 
removed in 1904 from bridges and locks and navigation 
made free everywhere by Lord Cr timer.” Even the deltas 
of China are well-provided with a net work of navigable 
canals. “ China ” says King dates its early enterprises 
of irrigation and transportation by water far 'back in anti- 
quity, for she has numerous canals, some of them the most 
■ stupendous work of the Kind ever undertaken. The Great 
Imperial Canal has a length of 650 miles and connects the 
Hoang- Ho with the Y.ing-tso-Kiang. It lias a depth seldom 
exceeding 5 lo 6 feet and in it the water moves at the rale 
of 2% miles per hour. In its path there are several large 
lakes and across these I he canal is carried on the crest of 
enormous dykes.” 

From the point o& view of transportation, therefore, a 
survey of all the channels of the delta tracts is urgently 
required, and should be undertaken in the interest of inland 
navigation, whether for small boats or for large.’ vessels. 
It must not be sup, osed that this has no connexion with 
malaria. In every part of Bengal, the condition of the 
water-ways has an immense bearing on the question of 
malaria, and one of the best ways of keeping delta tracts 
healthy is to preserve the channels and u*-e them both for 
irrigation and navigation. The malarious nort'liern portion 
cf Faridpu* 1 district, where there are roads and railways, 
exhibits a striking contrast with the healthy south-western 
area where the rivers and streams are very numerous and 
servo every village throughout the jear and where all 
trade is carried by water. The late Majpr J. C. Jack, i.e.s., 
in his study of the economic life of a Bengal dis.rict, says 
** if a traveller walks through the northern part of the 
district in January and February and on to the south- 
west, he cannot fail to be struck, by the contrast between 
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the two* The one region shows no visible signs of pros- 
perity and appears to be completely stagnant, the other is 
full of movement, the markets are crowded and ply a 
# thriving trade, the hvers and Streams are full of boats 
at all hours of the day and the people generally show every 
sign o£ alertness and prosperity.” 

, The question of improving facilities for tile inland navi- 
gation of Bengal has been discussed time and again, but up 
to the present little has actually 'been done for the delta 
water-ways. “As early as 1828 ” says Romesh D^tta “ H. 
*F. IVinsep, then Secretary, submitted an interesting note on 
the subject. There was no river in the world, he said, 
exgejDt those of China, on which there was so large a navi- 
gation as the Ganges. Iliirty* thousand boatmen found their 
livelihood on that river as far back* as 1780*andthe number 
had since increased. Everybody has been struck by the 
constant succession of boats moving up and down, the river 
never appearing for a moment altogether clear ; and as this 
is the same a* all season^ and in all places it leaves an im- 
pression of the extent to which this magnificent stream 
ministers to the wants of commerce and of the travelled 
such as defies an attempt at computation.” • 

“There is no province” says the Imperial Gazetteer “m 
w*hicli facilities for navigation are so likely to be appreciatt d 
as in Eastern Bengal, with its dense population, its thriving 
industries and its innumerable river channels. There is 
great scope for further extension of inland navigation m 
this tract ; and if the works will not* prove directly remu- 
nerative they are not likely to imp >se a heavy permanent 
charge on the State, while they will be of great value iiT 
increasing the wealth of the community.” The time has 
now come for something more than talk. From the point 
of view of malaria and agriculture as* well as navigation, it 
is essential that the improvement of the water-ways should 
be undertaken without delay. Obviously, before the neces- 
sary improvement can be effected a survey of existing water- 
courses must, be made. Such a survey* in respect to the 
smaller channels may be initiated at once by district and 
local boards pending the examination of the larger rivers 
which can be carried out most efficiently by a Government 
department. 

Stf— Looal Spill Areas and Lines of DralnaS*. 

# 96. The question of^pill areifs and lines of drainage is 
bound up with tbfe regime of delta channels ; and an 

6 
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adequate survey of the latter necessitates the careful ©se- 
mination of the former., While it is possible to get a certain 
amount of useful data regarding the larger water-courses, 
at any time of the year, accurate information in respect t6 
spill areas and lines of. drainage can only be obtained during 1 
the flood season. Over a hundred years ago Rennpll pre- 
pared a small iipip ehovspng the portions of Bengal subject 
to annual inundation. In recent years an attempt has been' 
made in connection with a malaria survey of the pj'oyince 
to form an idea of existing conditions. But the available in- 
formation is very scanty and the record is by no mean§ com- 
plete. The time has now come to secure a more accurate ide& 
of this important subject for there is ample evidence proving 
that inundation w.ith spill water from the rivers has a riiost 
important bearing upop the allied question of agricultural 
prosperity, the integrity of water ’channels, the prevalence 
of malaria and the maintenance of the public health gene- 
rally. The information that is needed can only be obtained 
by systematic surveys of the spill areas of every district in 
which deltaic conditions obtain. A survey of these spill 
.•areas and their lines of natural drainage should therefore 
be undertake^ with as little delay as possible. As in the 
case of the survey of embankments and minor water 
channels, this work can best be taken up by the iocal engi- 
neering staff employed under district boards, assisted where 
necessary by officers from the Irrigation Department of 
Government. 

<1 

59— The Preparation of Drainage Maps. 

i 

97. The preparation o£ drainage maps on the lines 
suggested by the late Sir Edward Buck, k.c.s.i.. should be 
undertaken in every district as part of a general programme 
for the prevention of malaria and agricultural decline. 
Sir Edward Buck’s method was as follows : — 

“ It was the duty of every patwari (village record-keeper) to 
mark on each field in the map by symbols or figures the nature of 
the soil, the rate of r£nt, character of irrigation and so* on. He was 
required to < add an arrow, showing the main drainage lines which 
oa-rried the drainage water out of the village. When the village 
maps were placed alongside each other the drainge lines of any 
given tract could be easily drawn.’* 

“It would seem to be difficult ”, qays Howard, “to improve on 
Sir Edward Buck’s method of ^constructing drainage maps and it is' 
fortunate that this economical system is available. Wiierever the 
corntiy has been surveyed, the 4 run-off ’ could be marked on the 
map an l the drainage lines determined* The utility of such maps t in 
India at the present tim? does no^ end with drainage schemes. 
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Tltey would prove of service in many other aspects of the econoftiif 
development of the country. They could be made use of in laying 
out new roads and new railways. SimiRirly, these drainage maps 

? ould be useful in irrigation* works and indeed in the United 
rovinces' they have been employed Successfully for many years. 
T)the» uses suggest themselves, such as town-planning schemes, 
malarial studies and projects connected with rural sanitation. In 
the genefcal administration of the country, good drainage maps, o* 
e suitable scale, would be most valuable. All kinds of questions 
arise from time to time which have to be settled by District Officers 
and whish in\ olve the rights of others* and thb well-being of the 
country Drainage maps in many c»ses would be of great help in 
deciding many problems relating to land, to water, to c<fmmuni- 
fflationS and to town planning.” 

Drainage maps of ^he kind referred to will be 
invaluable in connexion with the proposed survey of 
embankments, water-courses and* spill areas. Efforts 
should therefore he made by district and local boards to 
prepare maps on the lines indicated above of as many areas 
as possible during the approaching .vet season. 


60 — The improvement of existing Water-channels. 

98. In a few districts sums of ^noney are already 
allotted every year for the improvement of khals and water 
channels. This is a move in the right direction, it can 
rarely do harm and may be of great service and should 
therefore be encouraged by Government. But no really 
adequate scheme of improvement of tl^e main channels can 
be undertaken in the absence of comprehensive surveys of 
the larger rivers and the smaller water courses such as has 1 
been proposed in a previous paragraph. It is probable that 
in many districts schemes for the improvement of khals 
and other channels have been from* time to time prepared 
and submitted to district .boards for consideration. 
Pending the completion of the surveys referred to, district 
boards might, however, bo asked to re-examine any projects 
of this kind* with a view of carrying opt the necessary 
works if * on investigation the schemes appear to be 
feasible. 


61 — Suev’oy of the Water-table. 

*» * * . 

99. Apart frorft a few scattered observations on the 
sub-soil water-level, that have been recorded from time to 
# timo in various scientific journals and reports, little is 
known of the wate»-tabfe | in various parts of Bengal. At 
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Ifhe present mom ant certain investigations in this Connexion 
are being made in the Burdwan district. The methoi 
employed is the direct observation of the water level in g. 
number of wells situated & different localities. Sir Leonard 
Rogers, i.m.s., drew attention some years ago to* the 
Correlation to be observed between the height of the ground 
water and the prevalence of fever and splenic enlargement ^ 
and the present enquiry in Burdwan is being carried out 
primarily at his suggestibn. * * 

It probable that throughout the deltaic tracts great 
fluctuations take place in the height of (lie water-taLle 
different seasons of the year. Major (now Lieutenant- 
Colonel) F. C. Hirst has recorded differences of level it\ the 
same year at the same place great as 27'5 feet. The 
level of the water-table may also vary from year to year. 
Differences of nearly 20 feet have been observed at one 
place in the same month in different years. The yearly 
rise of the rivers and the rainfall are undoubtedly the 
factors exerting the greatest influence upon the height of 
the water-table ; and annuil and seasonal variations are 
mainly governed by these two factors. But it is probable 
that local conditions have a so a aery marked effect upon 
the level of the water-table. It is conceivable, lor example, 
that the presence of embankments may in certain circum- 
stances increase and in o! hers reduce tile mean height of 
the water-table very considerably, and modify the normal 
se isonal fluctuitions in the one direction by the shutting 
out of flood-water ayd in the other by the checking of 
“ run-off”. 

Besides the influence, which a high sub-soil water- 
level is supposed to exert on the prevalence of « malaria, 
an influence which is now-a-days generally explained by 
its relation to the occurrence of surface pools of water 
favourable to the breeding, of anopheles mosquitoes, it 
has long been recognised that it exerts a very marked 
effect upon the fertility of the soil. Agricultmal experts 
have paid considerable attention to this question, and 
numerous, observations have been put pn 'record to 
show that, while water-logging may reduce the outturn of 
crops very greatly, a reduction in the height of the sub-soil 
water may sometimes increase the ‘yield in a remarkable 
manner. As regards Uie effectual' water-logging, Howard 
has shown, for example, thkt at Pusa even partial water- 
logging reduced the wheat crop by over 50 per cent. 

In Egypt, experiments have, been made to determine ■ 
the relation between the height of t?he water-table and 
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the yield of cotton, and tbe conclusions arrived at werS 
that, ordinarily as the thickness of flhe layer \of soil above 
the water-table increases there was a steady increase in 
^ne yield of cotton up to a certain point, after which the 
yield* remained constant. Down to a level of about 6 feet 
or so Inflow the ground, a 39 inch decrease in the height of 
jhe water-table was followed by an increase of nearly 
600 lbs. of seed cotton per acre. The yield of those plots 
where Abe water-table was on tflie average below 6 feet 
6 inches from the ground surface was 1‘75 times great 
E^s i lys yiel 1 from plots where the water was less than 
39 inches from the surface. It was further discovered that 
t ho .general production of the individual cotton plants in 
regard to the number of flWerS, the percentage of flowers 
which became ripe bolls^ and the lint weight per boll, the 
height, the weight of a single seed and the number of 
seeds per boll, was increased as the level of the water-table 
was reduced. 

The possi bfe effect of the sub-soil water level on malaria 
and its undoubted influence upon soil fertility and crop 
outturns, point to the necessity of carefully in vefetigating 
the water-table in every district. The •simplest method of 
milking obyivations is to record the height ot the water in 
wells, an l the corresponding level of the water in rivers 
and streams. In Egypt, wheie extensive studies of the 
wat ‘r-tahle of different areas have been made for many 
years past, pipes have been sunk to a mo lerate depth in 
many areas, for the express purpose of studying the move- 
ments of the sub-soil water. In addition to taking water 
levels, investigation into the character of tl e ground-water 
has also* been undertaken, liequent chemical analyses 
having been made with a view of* comparing the saLne 
content of the water in one aiea with that of another, and 
correlating it with corresponding analyses of the soil. Jn 
the present case all that is required at the moment is 
accurate information regarding the maximum, the minimum 
and the mean height ol the watert-abl? s in a number of 
districts. * 

When this information is obtained, it witt be possible 
to compare it with 'data regarding inundation, rainfall, 
•malaria and agriculture. »so as to discover What correlation 
there may*be ; and whether any difference in the level is 
to be observed in the case of healthy and prosperous aieas, 
as. compared ’with those in whibh malaria has become 
prevalent and agriciflture l*as declined. 
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62 — Malaria Survey olj, Relative Non-Malarlous Dlstrlots. 

100. In order to map/jut roughly the relatively healthy 
deltaic areas in any district and differentiate them from? 
those that are already seriously affected with malaria, a 
domplete malaria survey is not absolutely essential.' Valu- 
able information can Be obtained without great difficulty' 
by a study of the* census reports, the vital statistics and 
the returns of cases of sickness admitted for treatment at 
the various dispensaries ; and this can be supplemented 
with estimations of the splenic index in various localities; 
The census returns show the relative increase of population 
in thana areas. For our present purpose, areas in which 
the increase of.pdpulation has approximated to 10 per cent, 
in the last decade may be con silered “ healthy ” without 
further investigation. If the increase has been less than 
this the birth-rate, death-rate, and fever death-rate for the 
past 10 years must be examined. Tf there is # only a small 
excess of births over deaths and the fever death-rate has 
, shown a tendency to rise, the fever index of the area must 
be examined, provided there is a local dispensary or dis- 
pensaries frofti which data for this purpose can be obtained. 
The “ fever index ” as defined by Sir Ronald I^oss is the 
ratio of fever casos to the total admissions for all kinds of 
sickness. The number of new admissions only, both of 
fever and of total admissions, is taken into consideration 
for the purpose of preparing the fever index.” 

Every district possessors a number of dispensaries. By 
(Calculating the fever indices of each of these dispensaries, 
a rapid estimate can be made of the relative amount of 
malaria in the various localities they serve. When the 
figures from each dispensary have been obtained, they may 
be noted on a map. Maps must be prepared of each 
district showing (l) the increase of population in the thana 
areas, (2) (he excess of births over deaths, (3) the relative 
fever death-rates, and (4) the fever indices obtained from 
the dispensary fighres. The information obtained in this way 
must be further supplemented by obtaining the spleen 
indices of groups of villages at different points through- 
out the district. The spleen ind,.ex is obtained by 
examining a number ,of children between the ages of two 
and ten years, recording t the "numbers examined and' 
those showing definite enlargement of the spleen on palpa- 
tion of the abdomen. Ti\e ratio of the latter to the total 
number of children examined ' is l^he “ spleen indelc” 
Besides noting actual 1 cases of splenic enlargement it is 
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usual to* record the approximate amount of the enlargement 
present by measuring it roughly in ^fingers’ breadths below 
the costal margin. Children jnight be examined with 
►advantage in villages at various points all along the 
various lines of communication in a district and also along 
the banks' of the larger streams and the results indicattd 
>on a* map. When the information* detailed above has been 
obtained and the five sets of maps have been drawn up, it 
will* Mb possible to correlate th*e data* regarding malaria 
with that obtained by the survey of embankmentg. water- 
courses, spill areas and drainage. An indication will thus 
be obtained of the areas in which pi*eventive work is 
most necessary. 

63 — Agricultural ^Survey. • 

101. The relationship that has been traced in the 
whole of this report between malaria and agriculture 
makes it essential that a survey of agricultural conditions 
both in malarious and non-malarious districts should be 
undertaken along with the investigations that have been 
suggested regarding embankments, inundation, drainage} 
sub-soil water level and malaria prev£\}ence. • The necessity 
for such a survey will, I think, be readily admitted. The 
lines sucl? a survoy should follow, must of course be left to 
the decision of the Agricultural Department. All that can 
be said here is that the correlations which have already 
been observed between agricultural conditions and malaria 
prevalence appear to show that ge»erally speaking culti- 
vable waste lands and current fallows are in excess whei’e 
malaria is prevalent ; that twice cropped areas are most 
frequent in non-malarious tracts ; that as regards rice the 
cultivation of Aus paddy appears to Jbe extending in certain 
of the more malarious areas ; and that where jute is ex- 
tensively cultivated malaria is less prevalent than where 
little of the fibre is produced. Certain other points also 
require elucidation. For example, the relative fertility of* 
the soil t in # malarious as compared with non-malarious 
areas ; the effect of embankments on crop production^ and 
the influence of the height of the water-table on the yield 
■of various crops. But as regards all these ’questions the 
Director of Agriculture is obviously the only pei*son who 
can give adequate^advics? 

64— Publicity neqessary. 

• 102. The programme of work outlined in this chapter 
is designed for immediate application in those parts of the 
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ptovince especially that as yet remain relatively'free Sf 
malaria. If the progressive extension of malaria in these 
areas is to be checked it is essential that this programme 
should be carried out. K is certain that in the course ot , 
the various surveys that have been suggested as necessary 
f^ots will be brought to light showing the need for, imme- 
diate action in'cjearing out silted-up channels and improv- , 
ing water communications generally. It is important that 
the objects and reasons far the respective surveys of em- 
bankments, water channels and spill areas should be 
widely published throughout every district where the qvork, 
is being undertaken. And cultivators and other villagers 
should be encouraged to come forward and give information 
in respect to the various fnattbrs under investigation. 
The experience* of intelligent cultivators is often very 
valuable, and their personal knowledge of what conditions 
in respect to inundation and drainage are harmful and 
what ai’e beneficial will often be a valuable guide in 
carrying out the work. When the villagers « once realise 
that the intention of Government is as far as possible to 
improve agriculture by conserving water-courses and im- 
proving drain, age, there is little question that they will 
come forward with enthusiasm and loyally co-operate with 
district boards in forwarding the work. * 
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CHAPTER VII. 

f 

The Amelioration of* Malaria in the Deltaic 
Tracts of Bengal. 

“ Malariq cannot be successfully combated merely by the distribu- 
tion of Quinine and the supply of mosquito nets. The Government 
®f a oormtry devastated by the disease mhst conduct its campaign 
against the enemy under the generalship of tj^e engineer and the 
agriculturist, rather than of the sanitary commissioner and the 
medical scientist. To the latter all credit is due and has in Italy 
' been accorded for the discovery first made in that country of the 
tjftie cause of malarial fevers*. But the expulsion of the pestiferous 
insect from the land requires the whole machinery of the State and 
the c^-operation of the entire population to be brought into action.” - 
—Sir Edward Buck, K.G.S.l. , L.L.t). 

65 — The Nature of the* Problem. 

103. The earlier chapters of this report have shown, 
that the prevalence of malarii in vast tracts of Western 
and Central Bengal and smaller areas in both Northern and 
Eastern Bengal is inextricably bound up with agricultural 
decline, impoverishment and depopulation. Malaria is a 
specific infectious disease that, under favourable conditions, 
can be eradicated by suitable measures aimed at destroying 
the parasitfl or the anopheles mosquitoes which transmit 
it. Physicians know that an acute malarial infection 
occurring in a person, who is favourably situated as regards 
food, clothing and housing and who can afford to adopt the 
proper measures, will usually yield t*> specific treatment 
very quickly. It is otherwise with the sufferer from chronic 
malaria, exposed for a long period to semi-starvation and 
adverse circumstances of all kinds. In his ease specific 
treatment will fail lo achieve its purpose, unless it can tie 
combined with generous diet and ’other measures for 
improving his general health and relieving his miserable 
condition. What holds good with individuals holds 
good also in the case of communities. The amelioration 
of malaria iif the progressive portions of Bengal, where 
agriculture is, flourishing and prosperity increasing, js a 
relatively simple problem. In these favoured areas much 
maybe hoped from specific anti-malarial sanitation, whether 
aimed at destroying *the parasite with quinine or the 
anopheles mosquito ; and fcho results* of such*measures may 
be expected to be directly proportionate to the expenditure 
incurred. But neitlier quinine nor anti-mosquito measures- 

*Che discovery of the malaria parasfte was made by Laveran in Algeria, and that of the 
mosquito cycle of the parasite bf Rofs in Ijplia 
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■will restore declining agriculture, prevent the impoverish- 
ment of the people, or check depopulation, "conditions that 
are characteristic of the decadent, m daria-stricken deltaic 
tracts in many parts of Bengal. In their case a paucbt 
more fundamental remedy, is required. And unless this 
remedy can be applied, there is little hope of reclaiming them 
from their present miserable condition. ' 

104. Fortunately, a remedy is available ; a remedy which 
promises to relieve the country from economic stress' and 
the Government from financial embarrassment ; a remedy 
that in the past has been adopted with complete suco&ss ki 
many deltaic areas once threatened with absolute ruin by 
-agricultural decline, impoverishment and depopulation. 
And this remedy 'can be applied in the case of Bengal also 
with the certainty of e'qual, if not greater, success. This 
remedy, moreover, will also eventually provide the resources 
required for applying the more specific measures of anti- 
malarial sanitation on a scale adequate for the control and 
final eradication of malaria. The great remedy referred to 
is Bonification. And the particular method of bonification 
"peculiarly adapted for application to decadent delta tracts 
is Irrigation.*' The whole question of bonification is so 
important that an entire chapter will be devpted to .its 
discussion ; meanwhile, the specific measures of anti-malarial 
sanitation must be considered in detail. Financial con- 
siderations at the moment stand in the way, so that these 
measures cannot be applied at present on a scale commen- 
surate with the evil they are designed to remedy ; never-the- 
,less they must be given their place in the plan of campaign ; 
and, when economic conditions have been restored by 
irrigation, it is to these measures that we must eventually 
look for the ’ final triumph over malaria. Specific anti- 
malarial sanitation is in the nature of a direct offensive. 
A direct offensive against a strongly entrenched enemy is ex- 
tremely costly and may fail, unless pushed home with the 
greatest vigour regardless of expense. A skilful general 
whose immediate lesources are limited, instead therefore of 
■courting failure and loss by attempting a fromal attack than 
must end in failure, strives to keep the enemy at bay while 
seeking to make their position untenable by a threat to their 
flank or rear or a bold stroke at their communications. But 
let the enemy once relax his hold fc ' and ovr good general will 
drive home his. attack all along the line. The s<lme course 
must be followed in the campaign against malaria. Malaria, 
the arch enemy of Bengal, is at piesen t t so strongly entren-' 
ched m many parts of the count! y as to defy direct attack 
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on any scale now possible with the meagre resources at our 
disposal. But malaria can be forced V> evacuate its strong 
position by a flank attack di1*ecte<J upon its main allies, agri- 
cultural decline, economic stress and depopulation. This 
flank attack must take the form of irrigation ; and as the 
methods of irrigation specially adapted for application in the 
•delta tracts oE Bengal will also deduce the number of 
dangerous anopheles mosquitoes very greatly, irrigation will 
thus ‘strike a simultaneous blow a*t the transport or line of 
communications of the malaria paiasile. When,, as the 
nesult* of irrigation, agricultural prosperity is restored, the 
food supply of the people increased, depopulation checked 
amt Anophelines simultaneously reduced in number, malaria 
will suffer its first defeat and gradually* begin to retire. 
Every possible measure of direct? attack must then be 
concentrated upon it with the object of hastening its final 
discomfiture and driving it completely out of the country. 

06— Direct Attacks upon Malaria. 

105. Direct attacks can be made against malaria by 
the following measures : — 

(1) medical treatment aimed at destroying the malarial 

.parasite by the use of quinine ; 

(2) anti-mosquito measures specially directed against 

anopheles mosquitoes and including — 

(a) measures for destroying the adult insect ; 

(£) measures for destroying the larvas (*') by the 
treatment of collections bf water with larvi- 
cides. (tY) by the introduction of small fish, 
and other natural enemies ; 

( c) measures for the more effective permanent obli- 

teration of breeding . places ’either (t) by 
draining them, (it) by filling them up ; 

(d) measures for the temporary obliteration of the 

more dangerous small collections of water by 
“eovoring” them with an excess of water 
during the wet Heason (whi’ohis the dangerous 
•period of the year.) and thus preventing a 
large increase of anopheles and spread of 
malaria,tbat would otherwise occur. • 

(3) Measures of protection . aimed # at preventing 

anopheles ftdrn biding human beings by the 
use of mosquito nets, protective clothing and 
medicaments which t.dud to repel adult mos- 
auitoes, ^nd the application to the windows and 
doors of dwellings of wix^-gauze screens. 
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67— Combating Malania by Quinine i the Italian System. 

106. Experience has shown ,that malaria can be greatly 
diminished by the widespread use of quinine. In nian^ 
countries therefore attem] ts have been made to encourage 
the use of quinine by making it easily available to the 
population at a relatively low price. This metho^l ha? 
been already used to some extent in India ; but it has been 
much better organised , in Italy and Greece. Similar 
measures have been adopted in Portugal, Austria, Russia, 
Algeria,' Corsica. Bulgaria and Argentina. In most of f these 
countries, the measures adopted by the Government for th& 
popularisation of quinine have been greatly assisted by 
voluntary philanthropic associates, such as the Aliti- 
Malarial League 'of Greece and the Italian Red Cross 
Society. Following tlm earlier example of Bengal, the 
Italian Government at first aimed at providing a supply of 
quinine thi*oughout the country and making it available to 
all classes of the community at a fixed price. They did 
not, however, make it a State monopoly or interfere in any 
.way with its supply by private wholesale and retail 
agencies. The price, while fixed sufficiently low to bring 
it within the reach of most of the population, was not so 
low as to prevent chemists and druggists deriving a small 
profit from the sale of the drug. In order to avoid the 
charge that they were taxing the infirmities of the people 
to increase revenue, the Italian Government established 
the principle that all profits accruing from the Rale of State 
quinine should be devoted to anti-malarial work. The 
ftatement below gives the amounts of State quinine sold in 
Italy during a number of years — 


Statement showing the Sales of State Quinine In Italy. 


Year 

, Stite quinine 

vjld 

Profit * 


Us. 

Rs. 

1902-03 , ... 

... 4,932 

’ 21,250 

1903-04 

... 15,914 

1,14,400 

1904-05 • ... 

... 30,956 

1,14,600 

1905-00 

... 41,166 

1,85,000 

1906-07 1 

... 45,590 

2,88,000 

1907-08 

... 53,572 

4,37,539 

1908-09 

... u 1,997 

4,81,130 

1909-10 

* ... 47,643 

4,50,000 

1910-11 

... 50,149 

5,27,070 


♦The figures quoted show the 'lpproximite pro&t to t^e Italian Government wmcfl is 
ear-marked for expenditure on grant* for anti-raalai| al work 
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107, * In organizing the sale of State quinine, th*e 
Italian Government have proceeded &n strictly business lines. 
Jhiey fixed a retail price, ivhich^allowed for a reasonable 

•profit, although much lower than that previously charged 
by tlie druggists ; and so while safeguarding the interests 
of rhe*public, they did not enter into unfair competition 
•with honest traders. At the name* time, as already men- 
tioned, all profits derived from the sale of this State 
quinind were expressly ear-marked for the purpose of 
making grants to local bodies for anti-malarial wo«k. An 
educational campaign and widespread advertising formed a 
prominent feature of the Italian system, under which there 
laebbeen a wonderful expansion in the sale of all prepara- 
tions of quinine, whether supplied by the State or from 
private sources, and a # corresponding reel net ion in the 
prevalence of malaria. In 1887. 15 years before the 
introduction of State quinine, the deaths from malaria in 
Italy were 21,001). Since the consumption of qummo 
became genertd they have fallen below 3,000. The annual 
consumption of quinine prior to the introduction of Sta+e 
quinine in 1902. was about 30,000 to 53.0 '0 lbs. ; since* 
1905 it In*, be<*n inert* than double tlys and has steadily 
increased. 

• 

108. In addition to r ho preparations of State quinine, 
which are on sale throughout Italy by licensed vendors, drug- 
gistsin that country annually dispose of nearly 30,000 lbs. 
of the drug derived from other sources. The population 
of Italy in 1901) was ]ust under 31,00(1,000, and the annual 
consumption of quinine in 1910 amounte l to very nearly* 
16 grainy per head of the population. Compare this with 
the total consumption of quinine in India, ^ which in 1910 
amounted to 160,000 lbs. only, abouft double* that of Italy, 
whereas the Indian population t is nine times as great and 
many parts of the country far more malarious. The Italian 
Government have to purchase their supplies of quinine in 
the open market, but the preparations of^ State quinine ” 
(which intdude two kinds of sugar-coated tablets, special 
phials of solution for sub-cutaneous injection anti bombops 
oftannateof quinine for children) are manufactured at a 
special State factory. The tablets which contain 3jrd 
.grains of quinine are issged in tubes of ,10. The retail 

price of a/ube of ff) tablets of .quinine bi-sulphate is equal 
to about annns, which is practically the equivalent of 
( the price of nvnas 8 formerly ej’arered in Bengal for 20 
four-grain tablets o& Government quinine. 



88 


68— Qulnin* Legislation In Italy. 

< 

109. The Italians have not Jbeen content with providing 
merely for the supply of pare State quinine at a moderate 
price but have passed numerous laws to regulate its distri- 
bution. The first of these laws was passed in December 

1900 and empowered the Government to manufacture and 
provide State quinine on sale to the public at a minimum’ 
price. A second ®Act was passed on the 2nd November 

1901 which laid down the right of workers of every kind 
to hav6 gratuitously the State quinine for the treatment of 
fever from the doctors employed by the local authorities 
(communes) at the expense of the respective employers. 
A third Act was passed on frhe 22nd of June 1902. 
empowering Government to supply State quinine at a 
concession rate to local authorities and charitable institu- 
tions and to persons who desired or were obliged to 
distribute it gratuitously to the workers. A fourth Act 
was passed on the 25th of February 1903, establishing the 
right of the poor to have quinine and other necessary drugs 

..given them gratuitously by the local authorities or chari- 
table institutions. Finally, a fifth Act was passed on May 
19th, 1904, establishing the further right of workers of 
every kind to have quinine, not only for the Ireatment'of 
acute malaria, but also for purposes of prophylaxis. The 
Italian anti-malarial legislation has not only been imitated 
by Austria and by France for Corsica and Algiers, but has 
also been wholly adopted by Portugal. Bulgaria, Argentina 
and Greece. 


89 — The Sale of Quinine In Qi»eeoe. 

110. The quinine policy of Italy has been imitated by 
the Greek Government. On the 15th of December 1907. the 
Greek Chamber passed a law similar to the original Italian 
Quinine Act, under which the Government acquired the 
right to purchase <and to sell any of the salts of quinine 
recommended by the Royal Sanitary Council. State 
quinine is now on sale in Greece by all public treasuries, 
l^ost and telegraph offices, educational functionaries and by 
such other authorities as may be chdsen under the Royal 
Decree. It is a'iso sold retail tcMhe ppblic by chemists,' 
grocers and other merchants, who derive a sA'iall profit 
therefrom. The importation and sale of quinine, other 
than the State quininb, i^ made liable to examination and 
is not permitted to be sold unless its quality is equal or 
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superior to that of the State quinine. Heavy penalties arfr 
prescribed for persons selling State quinine or the' 
commercial articles at pricey above that fixed by law, or 
selling adulterated quinine, smuggling quinine into the 
Country or selling it underweight. The law also obliges- 
the local authorities of all areas severely scourged by 
malaria* to enter in their budget # oach year the amount 
destined for the purchase of State quinine to* bo distributed 
gratis tp the poor. Greece is very severely scourged by 
malaria. It is estimated that, out of a total population 
before, the war of 2,631,952. an average of 770,000 or 29 per 
dbnt. *are every year attacked by malaria, and in some years- 
the proportion of case3 is heavier. Thus, in 1905, it was 
supposed that more than half the population were attacked 
and over 6,000 died of the disease. # ln 135 communes. out 
of a total of 445. over 40 per cent, of persons were attacked 
in 59 communes the percentage was 41 to 50 ; in 33 it was 
51 to 60 ; in 23 it was 61 to 70, and in another 20 communes 
it ranged frony70 to 90 per cent. Only 29 communes were 
entirely free of malaria. Prior to the i assing of the Greek 
Quinine Act. the average amount, of quinine consumed in 
the country was about 13,200 lbs. per annum.. But the first 
year the Act was in force, the Slat# quinine sold to the 
public alone amounted to nearly 24.000 lbs., or an average of 
64 grains per head of the population. A further amount 
of the drug derived from other sources was also disposed of 
by private vendors. The total consumption of quinine is 
thus very considerable and in proportion greatly exceeds 
that consumed in Italy. Unfortunately, figures are not 
available to show what effect the increased comsumption of 1 
quinine has had upon malaria. 

70— The Sale of Quinine in Bengal. 

111. In Bengal the sale of Government quinine to the 
general public through the agency of post-offices was 
commenced in 1892, a packet of 5 grains in powder being 
retailed afr a pice. But when it was pointed out in 1904 
that a 5-grain close of quinine was inadequate for the treat- 
ment of malaria the amount of quinine ia each pice- 
packet was increased »to seven grains. Tn 1909 a furthef 
change was made, 10 grains of • powdeved quinine or 
three 3^rd^ grain tablets being supplied for a pice. In 
1913, the sale of tubes of quinine tablets, first begun in 
, Eastern Bengal in 1909, was introduced throughout Bengal, 
the retail price of each lube of t w,e n ty- f ou r-gr ai n tablet a 
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being fixed at three annas a tube. The price was subse- 
quently raised to four annas per tube, at which it remained 
until recently. In May 1918, the retail price was doubled 
in order to check the lar^e amount of profiteering' that w&s 
going on owing to the abnormally high price of quinine 
in the open market. * 

112. The statement below gives details of the issues of 
quinine to Civil Surgeons from 1911 until May 1918 for 
supply to the pifblic through post-offices and other -retail 
vendors. In December 1918 a Central Depot was establish- 
ed to supply post-oftices direct. Orders were issued in May 
ef that year also to t lie* effect that a single tube only ty&s 
to be sold at one time to eacli individual purchaser. This 
■was done to prevent the fraudulent purchase of large 
amounts by pe’rsons who merely wished to retail it again at 
an enhanced profit. 


Sale of Quinine through Bengal* Post-ofRoes. 


Yt *ir a . 

Atr o t 

i 

in* rif ' on. 

Julll 1 *%' 

1911 

In* 

3.313 

Pice pa kUs 


1912 

3,177 

dltt > 

l,Gi)4 lbs ,md 3*,rd gtam 
tablets 1,573 lb*. 

1913 

7,63f> 

ditto 

849 lbs 3}rd yiam tablet*. 
1.303 li>s and “treat- 

ments" 5,424 lie, 

1914 

12,2*25 

Tub«b ot tablets cr 
* l treatments " ouh 

The hub > shown m 1914 and 
onwanU till about 1917 

1915 

13,15*2 

ditto. 

wet e swollen by purchases 

1916 

11,03* 

ditto 

by District Hoards of tubes 

1917 

11.3S9 

ditto. 

of “treatments" for us** at 

1918 

7 09<> 

ditto. 

dispensaries, as the lesult of 

1919 

7,43ft 

ditt •. 

an Older by tin* Medical 

192 9 

ft 902 

ditto. 

Depat intent. Later on 


many tablets wet c purchased 
in bulk and consequently 
weie not included in the* 
figures relatirg to post- 
office sale* 

113. At„ the present time, quinine’*' is on sale through 
53,225 post-offices distributed more or less evenly throughout 
the province. The number of pounds of quinine sold t h rough 
the post-offices in each of the natural divisions during 
1919-20 is given below, together with the average amount 
it represents per head o f the respective populations. The 
amount of quinine which should fie sold in each division on 
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the basis of Italian and Greek consumption, respectively, is 
added for purposes of comparison : — 

Salas of Qulnina In aaeh Natural Division. 



Quinine 
sold, 19)9. 

Grains per | 
head of 
population. 

I 

» 

Qmnine 
sold. 1«0. 

Grain* per 
head of. 
population. 

| Quinine 
■ required on 

1 Italian 
scale. 

1 Quitting 
required on 
Greek 
scale* 

1 

lbf». 



a 1 

lbf. 

• 

lbs. 

XVeaiter^ Bengal 

1,417 
9*2 4 
3.729 


H 

in 

1 42 
0G9 
199 

• 

20 000 
20 000 

23.000 

40.000 

80,000 

80,000 

92,000 

160,000 


114. It will be seen from the figures cited above that the 
amount of quinine sold is ridiculously small when compared 
with what it would he on the basis of a reasonable rate of 
consumption. 'It may 1 jo noted also that the sales are 
greatest in the less malarious division of Eastern Bengal. 
As a matter of fact the highest district sales in each of the 
past two years, viz., 90H and 955 lbs., respectively, have 
occurred in Tippera. This is probably the least malarious 
of *all the ‘Eastern Bengal districts, and yet it ] urchases 
through the p'*st-offices as much quinine as the whole of 
Northern Bengal. 

71— Laok of Business Principles. 

115. Business principles have never guided the sale 
of Government quinine to the public in Bengal. The 
idea has been that quinine should, if necessary, be sold at 
a loss with a view to bringing it within teach of the poor. 
Yet no serious attempt has ever been made to educate the 
people in regard to the value of the drug as a remedy for 
malaria. It has been assumed that if quinine is cheap, 
ignorant villagers will somehow or other lyarn its value and 
make use of it. But enquiry rIiows that the very poor rarely 
or never purcftaso Government quinine. In 1911, as the 
result of 600 personal enquiries among villagers in a 
malarious part of the Dacca district, only five persons were 
discovered who had themselves purchased quinine or knew 
of others v^ho had* done so. Dn tho other hand, it was 
found that tho principal purchasers were Government 
officers and other educated person* who already knew the 
valiie of quinine ami could afford t,o purchase it at the 
ordinary market rates. * 


7 





116. Formerly a very large proportion of the Govern- 
ment quinine also used to hud its way into the hands of 
persons who purchased it with the view of re-selling it 
again in some other form at a profit. In every town an^ 
large village throughout Bengal, there are persons* who 
make a living by preparing and selling remedies for enlarged 
spleen and malarial fever. Many of these nostrums contain 
quinine, disguisqd by colouring and flavouring matters ; 
and the labels on the bottles frequently recommend the 
medicine as a remedy for Quinine Atkan Ji r ” (a 
fever supposed to result from the taking of quinine). 
The makers of these quack medicines know that Govern- 
ment quinine is pure. and } when it could be purchased 
below the market rate, they naturally preferred it to any 
other brand. In this connection the history of the sale 
of quinine in Bakarganj is most significant. Up to 1909, 
the quinine sold in Bakarganj exceeded that sold in all 
the other districts in the province put together. Persons 
would often visit the Civil Surgeon’s office, ‘pay Rs. 200 at 
one time for pice-j aokets. Bakarganj is not malarious, but 
it was assumed that the villagers were learning to appre- 
ciate the value of quinine. In 1909, however, pice-ponders 
were suddenly replaced by tablets and immediately the sales 
of quinine in Bakarganj district decreased, falling almost 
to the lowest in the pi ounce. This is to be accounted 

for by the fact that most of the sales of quinine that 

used formerly to take place in Bakarganj were not to 
legitimate } urchasen . but to persons who wished to make 
use of its chea| ness for their own ends. These people 

found the tablet form unsuitable for their purpose and so 

ceased to buy and hence the reduced sales. 'The facts 
stated above are sufficient to condemn the system of selling 
quinine below actual co.-t. But there are other serious 
objections to such a practice, the chief one being the utter 
impossibility of preventing profiteering under such' a 
system. As an example of what took place quite recently 
in Bengal, before the price of “ treatments ” Was doubled, it 
may be mentioned that, an authorised vendor who sold 17 
'packets in 1917 disj osed of nearly 700 in 1918; on 
„ enquiry it ’was found that lie was the proprietor of a 
malaria specific. There are very 'grave dangers attach- 
ing to the system ot selling Quinine, below the market 
price. It is imj ossible under such a system'-' to provide 
safeguards against abuse, and those who chiefly benefit 
are not the poor aiyft ignorant but the educated .and 
well-to-do. 
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7 a—abmm Financial Aapaots of fefio Quinine Question. 

• 

117. It is instructive lo glance at the figures quoted 
In the statement below, which* show the price per pound 
*Y>aiti by the public for Government quinine, the commission 
per pound, of quinine sold drawn by retail agents and the 
net aipount actually received by Qpvernmqrft per pound of 
quinine sold and the approximate cost of bottles and 
packing, etc. : — 


A**”-' 

Goat of Government 
quinine to the public 
per pound. 

Commission obtained Net price received 
by retail agents by Government 

ptr pound. per pound. 

Cost o? tubes, pack- 
ing, etc., to Govern* 
meut per pound. 

• 

Rs. 

A. 

p. 

Rs. 

• 

A. 


Re 

A 

r. 

Rs. A. 

p. 

1892-1903 

... 21 

14 

0 

3 

8 

0 

18 

*6 • 

0 

... 


1904-1909 

... 15 

10 

0 

• 2 

8 

0 

13 

2 

0 

... 


1909 1912 

... 10 

15 

0 

1 

12 

0 

9 

3 

0 

... 


1913 

... 1G 

G 

G 

3 

6 

3 

6 

5 

6 

10 1 

6 

1914-1918 

• 

... 21 

14 

0 

3 

6 

3 

11 

12 

6 

10 1 

6 

1918 1919 

... 43 

12 

0 

5 

7 

C 

19 

2 

G 

• 

19 2 

6° 


• The Jail Department makes a profit of abmt a Ukh of ruffles per annum on this cost. 


118. The amount received by Government per pound of 
quinine in recent years may next be compared with the 
wholesale market price of the driur per pound in Calcutta. 


Years. 


Net price lecei vo*d 
Market price of qumim . for Govei nnient 
quinine. 


Approximate low* fc Govern- 
ment on market value of 
quinine sold. 



• Rm. 

A 

p. 

1912 

9 

0 

0 a 11). 

1913 

... 12 

8 

0 „ „ 

1914 

... 14 

0 

0 ., .. 

1915 

... 15 

8 

0 », 

.1916 

... 34 

• 

0 

0 , 

1917 

. ... 32 

0 

o „ 

1918 

... *50 

0 

0 „ 

1919 

... 33 

0 

0 „ „ 


Rs. 

A. 

r. 

Rs. 

A. 

p. 

9 

3 

.0 

Not available. 

G 

5 

6 

47.015 

4 

6 

'll 

12 

6 

27.122 

15 

6 

11 

12 

6 

48,909 

0 

0 

11 

12 

6 

2,45,250 

7 

0 

11 

12 

G • 

2,27,271 

5 

6 

19 

2 

6 

2,18,8*7 

4 

•o 

19 

2 

6 

1,24,676 

13 

0 


119. Among the figures cited in, the abqvc table, atten- 
*tion should be speei ally Greeted to those which relat« to the 
loss occasioned to Government by the sale of quinine at 
prices below the market rates. V’ must be explained that 
thfe sums quoted are estimates of the loss that could have 

7 A 
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ofccurred if Government had been obliged to purchase in 
the open market quinine they sold to the public. But as a 
matter of fact Government have purchased very little 
quinine in the market amf have depended almost entirely 
upon the supplies of quinine manufactured at their*own 
factory. But this has only been possible because pf the 
relatively scanty consumption of the drug. The maximum 
capacity of the factory is about 50,000 lbs. of quinine per 
annum, and in order to produce this amount about 1,000,000 
lbs. of,, locally grown bark would be required. The 
Government cine. iona plantation possesses cinchona' - ,) rees 
capable of eventually yielding a total of about 150,000 lbs. ot 
quinine, and there is little or no land suitable for extension. 
The bark on the t,rees together wi'ch a small manufactured 
reserve of quinine is <now practically the only existing 
barrier against a monopoly of Java quinine. The world’s 
consumption of quinine in 1910 was about 1.065,000 lbs. 
derived almost wholly from Java, and of this India look 
nearly one-sixth. Cinchona trees require at. least nine 
years’ growth before they can afford a supply of bark 
‘suitable for the manufacture of quinine, so t hat there can be 
no alternative source of quinine supply lor the next ten 
years. 

120. Clearly, these facts have to be taken into account 
when discussing the future polity in respect of quinine dis- 
tribution. Unless an adequate supply of quinine at a reason- 
able cost can be assuied. whatever system is adopted may at 
any time be threatened with a break down. Consideration 
,of the facts mentioned will show that the question both of 
the immediate and ultimate source of supply must be 
decided before it is possible to embark on a serious 
campaign for “extending the sale of quinine, otherwise 
Government might suddenly find itself faced, on the ono 
hand, with a depletion of its available stocks and, on the 
other, with a world monopoly which, in the face of the 
increased demand, would probably result in a great 
enhancement of the price. The price might easily rise to 
double or treble the present figure, which is now hve or six 
tiines what it was 10 or 12 years ago. 


73 — The Supply oV'QuInlre. 

121. With the exception of Madras, Bengal is’ the only 
province where there lias been < any , serious attempt »to 
maintain a stock of Quinine sufficient to meet the local 
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demands. Not only has Bengal # manufactured her own 
quinine, but she ha9 bought lai-ger amounts than any other 
province. It is probable 'that,# provided she can procure 
►cinqhona bark for manufacturing purposes, she could allow 
for a great local expansion in, the use of the drug. Last 
year the sale of quinine through post -masters. nearly reached 
9,000* lbs., and it is possible th& total ‘consumption of 
Government quinine in the province including that given 
gratuifously and that purchased direct by dispensaries, 
etc.,, may have been about 17.000 lbs. If thff Bengal 
GovSrnment had to consider only their own wants they 
could, with the present manufacturing facilities, meet a 
demand three times as gyeat .as the present one, provided 
only that cinchona bark can be made available. The bark* 
on the trees at the cinchona planfatious is limited, equal- 
ling about 150,000 lbs. of quinine. But by purchasing 
bark, Bengal can always manufacture quinine at a cost 
much below that of the current wholesale price of the drug, 
viz., under fts. 10 per lb. as against Rs. 4') to Rs. 50. It 
would cost, for example, at present rates Rs. 20 to Rs. 25 
lakhs to purchase 50.00 ) lbs. of quinine which could be 
manufactured if hark is available at a.roasonable price for 
less than Jls. 5 lakhs. 


74 — Gratuitous Distribution of Quinine. 

122. Turning to the question of gratuitous distribution 
of quinine, it must be pointed out that the charitable 
dispensaries throughout tin* province provide an agency 
through* which a considerable amount of quinine is every 
year distributed to the necessitous ppor. Reference to the 
annual reports on the working of hospitals and dispensaries 
shows that a very large number of patients receive treat- 
ment for malaria at these institutions. The total numbei 
of admissions for malaria reported each year since 1914 is 
as follow§ : — 


Tears. 

w Admissions for 

malai ia. 

Yeats. 

Admissions for 
malaria. • 

1914 

1,408,1 27 

1919 

2,005,453. 

1915 

l,720,6tft» 

>920 

.... 2,314,584 

1916 

1,451,535 

1921 

2,387,543 

1917 

1,657,912 

*1922 

2,030,919 

1918 

1,910,200 

1923 

2,135,934 
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128. Unfortunately it is not possible to discover the 
actual amount of quinine distributed among these patients 
each year, but by comparing the number of malaria cases 
admitted to State, public, local fund and private aided* - 
dispensaries with the expenditure on European medicines 
at these institutions we can get some idea as to wliether 
the amount of Quinine “provided each year is adequate or * 
not : — , 


Years. 


Total admimfont for 

malaria at State, Total expenditure 


public, local fund 
and private aided 
dispensaries. 

on European 
medicine*. 

Rs. 

1914 

III 

1,053/13 

3,17,306 

1915 

1 

, 1,333,000 

3,54,638 

1916 


1,146,092 

4,04,256 

1917 

• • • 

1,277,627 

4,18,533 

1918 

• M 

1,515,451 

481,788 

1919 


1,622,806 

4,63,161 

1920 

*11 

. 1,901,386 

5,68,554 

1921 

• • * 

1,9 Jl,( 85 

6,02,194 

1922 

• » • 

1,691,171 

5,68,178 

1923 


1,751,363 

5,07,404 

124. The 

amount of quinine obtainable 

for the whole 

expenditure 

disbursed under the head 

of European 

jnedicine6 would have been as follows : — 

Tears Atcurren* 

lear8 “ market rate* 

lbs. 

Government 

quinine. 

lbs. 

1914 


22,664 

14,423 

1915 


22,879 

16,119 

1916 


... ... 11,889 

18,375 

1917 


13,079 

*•19,024 

1918 


... ... 9,635 

21,899 

1919 


14,03*5 

19,298 

1920 


Vl*371 

17,229 

\ 

1921 


10,036 

12,545 

1922 


1?,626 

15,782 

1923 


... e 16,913 

18,792 
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125.* The total amount of quinine required for the treat* 
ment of the cases of malaria admitted to the abovemen tioned 
institutions, at the moderafe estimate of only 80 grains a 
%case, would have been as follows : — 


t 

Ydhrs. 

• 

Amount of 
quinine 
required at 80 
grains a head. 

• 

Coefc of this 
amount of 
Government 

qniniue. 

Percentage 
of total 
expenditure 
on European 
medicines. 

• 

Ooet of this 
amount of 
cyiiuine at 
curreut market 
rates 

• 

Percentage 
of total 
expenditure 
on European 
medicines. 

11 •' 









lbs. 

Rb. 

Per cent. 

Rs. 

, Per cent 

1914 * 

... 

12, )32 

2,64,704 

83 

1,68,448 

53 

191 § 

... 

15,232 

3,35,104 

% 

94 

2,36,096 

66 

1916 

... 

13.096 

2 88,112 

71 

* ^,45,264 

110 

1917 

... 

14,600 

£•21,200 

76 

7,30,000 

174 

1918 

... 

1 17,320 

3,81,040 

1 79 

| 

5 71,560 

118 

1919 

... 

• 18 546 

4,15,104 

96 

6,12 018 

132 

1920 

... 

21,741 

7,17,123 

126 

10,86,550 

191 

1921 

... 

22,755 

10,92 240 

181 

13,45,300 

226 

1922 

r* 

U* 327 

6,95,772 

1 122 

8.69,715 

153 

19*23 

... 

A ,01 j 

5,40 40 5 

1 06 

G, )0,450 

118 


126. The figures given in the ab^ive table show that the 
quinine treatment administered to sufferers from malaria 
attending the dispensaries referred to cannot possibly be 
.adequate. There is unfortunately no accurate record of 
the actual amount of quinine consumed in the dispensaries, 
but certain incomplete returns receded from municipalities 
and district boards relating, to tho amounts of quinine 
purchased by them during 1915 to 1924 suggest that 
it is ordinarily little more than 25 per cent, of that required' 
to provide* 80 grains of the drug £or each new case 
of malarfa aijmitted for treatment. In other words, it is 
probable that the amount of quinine available is oply 
enough to allow each case on the average about 20 grains, 
or just sufficient for one day’s treatment. Information 
formerly received showbill at quinine was actually adminis- 
tered in certain afeas in doses? of only about one grain. 

127. The table below gives ^fever cases admitted as 
opt-patients ’during 19^3 in eaoh of the natural divisions 
together with an ^approximate estimate, largely based on 
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aoth al returns from most districts, of the total *amoun't8 
spent by district boards on quinine, exclusive of Govern- 
ment grants for this purpose : — » 


1 

: 

Divisions* 

« 

«. • 

Mcjaria 

cases, 

1923. 

Mean fever 1 
index, 
1923. 

i i 

Expendi- 
ture on* 
quinine in 
1923. | 

i 

r 

Average 
o | 3 years* 
egipendi- 
tuio. * 

* i 

i 

r 1 

# ; 

Per cent. 

Its. 

! r ' 

Its 

t 

Western Bengal ... 

Central „ ... 

Northern ... ... j 

Eastern ,, ... ... j 

r 

375, 42ti ! 
37:2,964 ' 

448,361 1 

373.031 

47*6 

36 7 
55*7 

1 * 170 

22,551 

22,436 

1 25,195 

24,522 

1 

21, 991 . 

24,462 

28.293 

23, #65 


75 — Free Grants of Quinine by Government. 

128. During the last few years, instead of distributing 
quinine as was done formerly by means of a special itinerant 
staff, Government have adopted the policy of making 
'free grants of the drug to District Boards, Municipalities 
and certain other agencies, e.g., mission dispensaries . The 
amounts so granted during the past three yqars hare 
been as follows : — 


Years. 

Rs. 

Years. 

Rs. 

1918-19 

... 50,000 

1922-23 

42,000 

1919-20 

... iqOOO 

1923-24 

64,000 

1920-21 

... 72,680 

1924-25 

... 1,20, COO 

1921-22 

... 7O,0(K) 

1925-26 

... 1,20,000 


129. The amounts spent by local authorities, including 
both District Boards ami Municipalities, on purchasing 
quinine and cinchona febrifuge, in addition to that received 
from Government, has been approximately as follows, in 
' each of the last six years : — 


Natural divisions. 

1918-19. 

1 

j 1919-20 

, 1920-21. 

1921-22. 

j ,1922-23. 

1923-24. 

t 

t 

Rs. 

Rs. 

Rs. 

Its. 

Rs. 

Rs. 

f 

Western Bengal 

32,963 

25,828 

38.790 

42,182 

32,607 

38,495 

Central ,, 

28,553 

' 22.014 

3o,£l 1 

4 g 501 

38,259 

38,304 

Northern „ 

28,612 

20,28 f / 

28,074 i 

45,475 i 

42,007 

41,227 

Eastern ,, 

13,982 

16,606 

20,808 

33,248 , 

33 107 

t 

36,566 

Total 

1,04,010 

8-4,745 ' 

1 

1,25,883 1 

I 

1,^3,466 | 

1,45,980 

1,54,592 
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It would appear from these figures that the sums 
actually allotted for quinine and cinchona dei-ivatives, 
including that given by Gov^rmngnt are, always less than 
£s. 2 lakhs per annum and ordinarily amount to about 
la*kli8. Obviously, the treatment of malaria cases must 
be, in tfaesb circumstances, hopelessly inadeqqate. 


78 — Itinerant Qulnlna Distribution a FalluHb In Rural Areas. 

13p. Some years ago, 21 Sub-Assistant Surgeons were 
empltyod during the malarious season in distributing 
quinine gratuitously to sufferers from malaria in the Presi- 
dency Division and otlmr localities. Similar work was 
also undertaken in certain of tilt* Eastern? frugal districts, 
14 Sub-Assistant Surgeqps and tln^e Assistant Surgeons 
being employed for this pur| ose in the Keraniganj thana 
of the Dacca district in 1)11, and five Sub-Assistant 
Suigeons under an Assistant Surgeon working on similar lines 
in the Jalpaigftri, Kaj&hahi and Malda districts during suc- 
ceeding years. Hut the method of distributing quinine by an 
itinerant agency of this kind proved a failure. A comparison 
of the amount of quinine actually distributed* with that of 
the, cost of the distributing agency showed that every four 
annas worth of quinine, distributed in this way, cost 
Government on the average a sum of Lie. 1 to Re. 1-1 on 
the staff employed. 

77— Quinine Distribution a Sucoess*ln Olnajpur Town. 

131. At Dinajpur town, the distribution of quinine 
to children and others suffering from chronic malaria and 
enlarged spleen was carried out for a period of bet w ten 
three and four years. The amount of quinine used each 
year was about 150 or ICO lbs., which is equal to about 70 
grains per head of the total population of the town. 
The preparations of quinine used cost about Rs. 18 per 
lb. The average cost of distribution, which included small 
monthly s*alaries to a number of lay distributors., as wejl as 
the pay both of an Assistant Surgeon and a Sub-Assistant 
Surgeon, was about exactly equal to the value of the 
quinine used. The lheasure had a considerable effect in 
reducing the prevalence*^! sickndss. Dinajpur town is 
moderately* malarious when cbmpared with many parts of 
Bengal. The spleen index was nearly 30 per cent., and 
•the, local fever index wjas also ftbout 30 per cent, at the 
beginning of the experiment. During the following three 
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years both the spleen index and the prevalence of fever 
was veduced and local medical men complained of being 
“ somewhat idle.” To a^minibter quinine throughout tfce 
province at the rate allowed in Dinajpur would entail ajp. 
annual consumption of about. 450,000 lbs. of the di*ug. or 
very nearly half the world’s present supply 6f quinine ; 
and the cost -at present market prices would be about 
crores of rupees. „ If the, price of quinine advanced, as it 
undoubtedly would if used on this scale, the cost fvould be 
increased proportionately. 


78— Paver Casas attending Dispensaries In 1980. 


132. During 1920,, I he admissions for malaria at 561, 
out of a total of about 700. dispensaries in the province 
numbered 1,811.739, distributed as follows : — 


Natural division^* . 

n 

Number 

of ! 
dispen- j 

1 saries. I 

I 

Number 

of 

malaria 

cases. 

t 

Fever 

index. 

Population 
of division 
1911. 

Western Bengal 

i 

1 

1»>8 

501,811 

55 per cent*. 

8,467,314 

Central ... 

t 

! 98 

I 

539,491 ! 

45 

9,445.321 

Northern 

' 149 . 

1 

435,870 , 

I 1 

30 

1 10,138,302 

Eastern 

i 

Sort 

334,567 

12 

, 17,432,140 


Compared with figures obtained in a somewhat similar 
manner in 1912 and 1917. there appears to have been a 
great increase of malaria in the last four years. In Eastern 
Bengal, the lever index is now much higher than in 1912. 
As the people in Eastern Bengal are generally speaking 
much better off than those in Western and Central Bengal, 
they can afford to purchase quinine, hence the larger sales 
m the former division. The largest number of malaria 
cases attending individual dispensaries, is met with in Cen- 
tral Bengal with an average of 5.505 new aduflssions per 
annum; Western Bengal comes second with 4,646 ; Nor- 
thern Bengal third with 2,925 and Eastern Bengaljast 
with 1,648. 
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133. The two tables below are specially instructive as 
inlicatiug both the distribution of malaria in the province 
and the corresponding variation *in the needed supply of 
<fuini»e : — 

Fever* Incftoss at dispensaries' In saeh natural division. ' 


Fever hfdex^r percentage 
of fever case* to total 
admissions. 

Western Bengal 
numbei of 
dispensaries 
returning fever 
indtoes as io 
first ool ima. 

Central Bengal 
number mf 
dispensaries 
returning f«*ver 
indices as iu 
first column. 

Northern Bengal 
nfenbsr of 
dispensaries 
resuming fever 
indices ad in 
first column. 

Eastern Bengal 
number of 
disp nsaries 
returning fever 
indices as in 
first column. 

Un lc|10 

per cetn. 

i % 

0 

3 

66 

From 10 to 20 


5 % 

3 

. 20 

71 

„ 20 to 30 

ii 

7 

. 14 

*9 

37 

.. 30 to 40 

•i 

15 • 

j IB • 

55 

16 

„ 40 to 50 

n 

10 

i 22 

36 

14 

t 50 to 60 

i' 

1 10 

. 21 

13 

3 

.. 60 to 70 

<i 

24 

13 

3 

0 

70 to 80 


’ 19 

7 

0 

1 0 

„ 80 to 90 

• 

i* 

7 

0 

0 

0 

Over 90 


1 

0 

1 0 

1 

0 


Percentage of dispensaries under each class of 
fever Index. 


F 

rer index or percentage of 
cases to total admissions. 

fever 

Western 

Bengal. 

Centra! 

Bengal. 

Northern 

Bengal. 

Ka^tern 

Beugal. 

s 

Undpr 10 

percent. 


3*7 

00 

2 a 

,32 0 

From 

10 to 20 

|#| 

4’6 

3*0 

13-4 

34 4» 

si 

20 to 30 



6*4 

14*2 

12 7 

17 9 

i« 

30 to 40 



13*8 

18*3 

36*9 

72 i 

ii 

40 to 5‘> 
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22*4 

. !4 l i 

6*7 

• ii 

50 to 60 



14-8 

• 21*4 

8*7 

1*4 

ii 

*i 

60 to 7() 



23* !• 

13*2 

2*0 

0*0 

70 to 80 

• sl 

18*5 

7*1 1 

0*0 

0*0 

i» 

80 to 90 


• M 

6*4 

0*0 I 

00 

0*0 

Ovejf 

90 

11 

• a# 

\ 

0*9 

a 

0*0 ! 

i 

0*0 

0*0 
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79 — The Inadequate Conaumption of Quinine. 

134. The facts that have been stated show that pend- 
ing the adoption of other measures there is no hope 
eradicating malaria from Bengal solely by quinine. The 
cost would be too great even if the necessary aniount of the 
drug was available, and if we could use tho whole Vorld’e 
supply it is doubtful if it would be sufficient for the 
purpose. We have seen that in Greece the oonsftimption 
of quinine has already reached an average of over 60 grains 
per head of the population and that in less malarious Italy 
the average consumption has long been 16 grains per head. 
Bengal would require at the letter rale 103.000 Iks. of 
quinine per annum and at the former unless than the tremen- 
dous total of 3:12,000 lbs. per an/ium or 40 per cent, of the 
world’s supply. The price of quinine is about lis. 28 
per lb., and it is doubtful if any considerable quantity could 
be purchased at less than 11s. 30 per lb. At this rate 
quinine on the Italian scale would cost Rd. 30.00.000 per 
annum anJ on the Greek scale Rs. 1,23.60,000 per annum 
' The Bengal Cinchona Plantation possesses at the highest 
estimate onlj 150, $00 lbs. of available quinine, in the bark 
on the trees, as yet unmanufactured ; the quinine factory 
when working at its maximum output can turn out 50.000 lbs. 
of quinine per annum. Meanwhile, nearly 2,000,000 malaria 
cases attend at dispensaries and receive totally inadequate 
treatment, and something under 10,000 lbs. of quinine or 
little more than 1 grain per head of the population is sold 
to the public through fost-offices. Of course considerable 
quantities of quinine are supplied by private vendors, and 
large amounts are distributed by employers’ to tea 
garden coolies* in the , Darjeeling and Jalpaiguri districts. 
But taking everything into consideration, the quinine actually 
consumed is wholly insignificant when compared with t lie 
vast quantity really needed to effect a diminution of malaria 
in the province as a whole. 


80— The Infeoted Population. 


t 135. The population infected wit,h malaria is enormous. 
At tho 1911 census, tlje total population of the j rovince 
was 45.483,077/ distribute 1 ?s folToNvs % 


Western Bengal 
Central „ 
Northern „ 
Eastern „ 


... 8,467,314 

... 9,445,321 

.... 10,138,302 
... 17,432,140 
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• At a Bough estimate some thirty millions of these people 
are infected with malaria and more than ten millions suffer 
from the disease in an aggravated form. The distribution 
of inild and severe malaria is •probably somewhat as 
ftllows : — 



Malarial 

Severe 


infections. 

• 

malaria. 

Western Bengal 

... 8,000,000 

5,250,000 

•Central „ 

... 8,500*000 

3,550,000 

Northern „ 

... 8,500,000 

1,050,000 

Kast j ru 

... 5,000.00 > 

500,000 

Total 

... .50,000,000 

10, 550.W0 


130. There has been a great extension* of malaria in 
several of the dist ricts of ‘Eastern Bengal in recent years 
since the construction of several hundred miles of railway, 
and ihe great districts of Dacca and Mymensingh especially 
show signs of being far more seriously affected than formerly. 
Tangail, Manikganj and the north of Faridpur district are 
tlie areas of Eastern Bengal most seriously affected with < 
malaria, but the main increase appears to be.occurring in 
tracts that up to a few years ago were* but little affected 
with the disease. The estimate of total malaria infections 
is by no means a high one. There are relatively few areas 
at present in which the majority of the population does not 
suffer from an attack of malaria at least once in the year. 
But in the unhealthy districts a v^st proportion of the 
population is composed of chronic sufferers from the disease 
who are a prey to recurring attacks of fever for many ’ 
months every season. 

« 

81— Available Treatment of Malaria. 

* 

137. Only a very small proportion of the thirty million 
cast's of malarial infecti >n in the province receive treat- 
ment sufficiefit to afford them relief. A ftjw thousands only- 
get really adequate treatment in tlie larger hospitals^and 
dispensaries ; under two million receive treatment which is 
wholly inadequate as far as the supply of quinine is con- 
cerned at some hundreds of smaller dispensaries through* 
t>ut. the province ; possibly* 100,000 v>r so ate attended by 
qualified lftedical practitioners*; but the vast majority of 
the sufferoi-s from malaria receive either no medical atten- 
tion whatsoever or are entirely dependent, on such services 
as can be obtained from untrained village practitioners. A 
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jrery large number of sufferers from malaria who could 
afford better treatmeut rely instead upon one or other of 
the many quack remedies in, the form of fev#r Specifics 
which are widely advertised in nearly every newspaper &s 
sure cures for malaria. These people usually enjoy thft 
doubtful advantage of purchasing wore or lep s ordinary 
quinine mixtures under fancy names at a price dften ten 
times their actlial value. In recent years the manufacture 
of spurious quinine tablets bearing a superficial resem- 
blance to those prepared and sold by Government has come 
into prominence. Bakarganj district has sprung into 
notoriety in this connexion because of the number of manh- 
factories of these bogus quinine tablets which have been 
discovered there and which have 'been sending out supplies 
of the spurious 'tablets to agents for sale in many other 
parts of the piovince. ' ‘ 

82 — Value or Quinine and Need of Improving the Supply. 

« 

138. From what lias been stated, it will bo apparent 
that the eradication of malaria from Bengal by the use of 
quinine is at r present a proposition that is absolutely im- 
practicable. But ii must on no account be forgotten that 
quinine and the other cinchona derivatives are the uiost 
valuable medicinal remedies for malaria that the world has 
yet seen. A cheap and abundant supply of quinine and 
other cinchona alkaloids is therefore a necessity. More- 
over, the Government of any malarious country that can 
secure such a supply "and ensure that each individual in t ie 

> population learns both the value of the drug and how best 
to employ it in case of necesbity, confers an inestimable 
blessing upon its people. 

139. Bengal mu-nt, therefore, face the problem of 
quinine supply. Much could he said in favour of increasing 
the manufacture of quinine and cinchona febrifuge. In view 
of the market price, it would pay to do this even if cinchona 
bark cannot be imported, for there aro passibilities of 
further extending the plantations because pinchona succi- 
r\ibr‘a, which yields the red hark, can be grown at relatively 
low elevations, some authorities giving 1,500 feet as the 
lowest limit. The red bark, although not so rich in quinine, 
yields a large supply of the othor ( cinchona alkaloids which 
are equally as good as quinine, if not mcTre efficacious in the 
treatment of malaria. Cinchona succirulta besides growing 
at a much lower elevation than cinchona officinalis and, 
cinchona ledgeriana i f s also said' to 'mature much more 
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rapidly, viz., in fi ve years as against nine years. It is si!p* 
posed that very little land is available for planting cinchona 
at the higher elevations required by 0 . officinalis and 
fisdgeriuiia. It is possible, howfver, that a considerable 
area might be found capable of being planted out with 
C. mccirubra. Enquiry might* show algo that the lattep 
# would, grow in the Chittagong H^l Trade: Both these 
possibilities are worth investigating. 

83— Improving the Distribution of Quinine. . 

• 

140. Meanwhile, the present, manufacture and distri- 

bution of quinine and cinchona preparations require to be 
put on a proper business footing. The existing system of 
manufacturing the tablets is opgn to grove objections. 
Both the manufacture of*tablets. etc., and their sale to the 
public should be controlled by one responsible officer pos- 
sessed of business experience. The retail price should be 
fixed to allow a fair margin of profit after meeting all 
charges including that of advertising, and the controller of 
Government quinine should be given a motive for extend-* 
ing the sales by the grant of a suitable commission 
after the practice in commercial cfreles. The surplus 
profits on* the Quinine Department should be used in the 
first place for extending the area under cinchona and so 
securing the future supply. When this has been done, they 
should be specially ear-marked, as in Italy, for furthering 
anti-malarial work of all kinds. # 

141. When the future supply has been secured, steps 
should be taken 1 1 organize a proper sale and advertising 
department, and further efforts should at the same time be 
made to extend the Use of quinino in schopls and dispen- 
saries, and to organize a strenuoils educative campaign 
in its favour by every possible means. There are more 
ways of educating the public in regard to quinine than 
by distributing it in schools and advocating it on posters, 
pamphlets And by lectures. The largest public can be 
reached T>y judicious advertisement, and I would strongly 
urge that this method be employed in addition to tJie 
other measures referred to. It is not the illiterate classes 
alone who require educating. In Bengal, a very large 
proportion of flic literate population has .an intense pre- 
judice agftinst quinine, and fhis prejudice is deliberately 
fostered by hundreds of vendors t of quack medicines, who 
spread it through lying statements of all kinds, inserted in 

advertisements of their own remedies. 

* 
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• *142. In Italy, not only lias the Government adopted a 
policy of advertising the Slate quinine, but special laws 
have been passed, making it imperative for employers of 
labour in malarious localities to provide a free supply 
of State quinine for their employes. Employers in the 
tea districts already recognize their responsibilities in this 
direction, but it is otherwise in many areas, and Italian 
precedents should not be overlooked, when the question 
of quinine legislation is being considered. Some legislation 
in connexion with quinine is urgently needed, especially 
with a view to check the fraudulent sale of spurious quinine 
and similar preparations. 


84 — Combating Malaria by Anti-Mosquito Moa auras. 

Tha area to be dealt with. 

143. We have now to consider the possibility of redu- 
cing malaria by specific measures of mosquito control. 
Some idea of the stupendous nature of the task may be 
gathered from an estimate of the area that would have to 
be covered by 4 these measures in order to bring about the 
desired results. The total number of villages in Bengal, 
as shown by the census of 1911. was 119,334, distributed 
as follows : — 



V i liases 

1 

Houses 

Population 

^ A\eragc 

1 houses 

| A\eiage 
| population 

Western 

Bengal ... j 

24,104 

1,858,879 

8,467 314 

| 78 

350 

Ceutral 

1 

n ... 

13,341 

l,7u3,921 

9,445.321 

125 

633 

Northern 

,, ... 

39,081 

1,869,633 

10,138,302 

47 

259 

Eastern 


43,106 

3,199,069 

17,432,140 

74 

404 


These figures are only approximate. In the case of the 
Presidency Division, 1,000,000 has to be deducted from the 
tdlal population to exclude greater Calcutta and allow for 
obtaining the average village population. > 

144. An approximate estimate of the probable number 
of villages in which anti-malarial measures would be 
required may be obtained by using the fever indices of dis- 
pensaries in the different divisions. Each dispensary serves 
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& number of villages in its yicinity, and the fever index 
gives therefore some indication of the amount of malaria 
ig these villages. Excluding a^as in which the fever 
gtdex of 1920 was under 20 per cent., we may say that the 
propfirtion of villages in eaclj division in which anti- 
mosquito Measures would be needed are as follows : — 


VV eater n 

Bengal 

92 per cent, or approximately 

22,600 villages 

Central 

M 

97 

13,000 

Northern 

it 

84 

33,000 • „ 

tfantern 

it 

33 „ 

14,300 „ 



Total ... 

83,100 „ 


145. From this estimate, we m£y sateJy conclude that 
measures woul 1 be required in at least 80,000 villages. 
Moreover, conditions are very bad indeed in a large propor- 
tion of these villages where the fever index is probably 
over 50 per cent., as the following statement will show : — 


Relative Intensity of Malaria in th% 83,100 maiarious 

villages of Bengal. 

Eitim it*i numb*/ of vlt ig*, with fev*r indices 
excei rimy 50 per tent . 

WtMtMii Bengal oh ml 15 000 ot approximit^ ... 1**0 percent 

Gentnl „ ,, 5,600 „ „ ... 6 7 „ 

Northern , ,, 4,00u „ „ ... 4*8 „ 

Kaat^rr* „ „ 400 „ „ ... 0 4 „ 

• 

Wo have to consider therefore, tine possible treatment 
of practically 70 per cent, of «the total villages in the 
p-oviuce, over 30 per cent, of which aie very severely 
afiected with malaria. 

The variofts types of anti-mosquito work must now 
be discussed in .detail. 

85— Destrue^lon,of Adult Mosquitoes. 

• 146. Mosquitoes, may. «Be destroyed by fumigation, or 
they may If© caught in traps* or in a hand net and 
afterwards killed. Fumigation has long been employed in 
Stalj; and the United States. Th% burning of resin is 
often resorted to Indian houses in Order to drive away 

8 
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moBQmtoea. Unfortunately, it does not kiH them 
Although the destruction of adult ategomyia mosquitoes 
was of some service in campaigns against Yellow Fever 
Gorgas himself admits ^!»at too much reliance' was £ 
first placed upon this measure at Panama, and more 
effective measures aimed 'at the larvae did not f receive 
enough attention untii experience showed that fumigatioi) 
by itself was ineffective in checking the disease. The 
destruction of adult mosquitoes is even less useful in 
preventing the spread of malaria. “Hence,” says Hosts, 
“ the expensive ami troublesome process of fumigation 
is not much employed in malaria prophylaxis.” At 
Panama, mosquito traps and the capture of mosquitoes 
by hand were used as subsidiary measures in the campaign 
against malaria. Traps are ( really of little value 
except for the capture of mosquitoes for the purposes of a 
survey or for laboratory work. The capture or destruc- 
tion of mosquitoes by hand is also ol minor importance and 
in the absence of other measures cannot make an appreci- 
able difference to the spread of malaria. 

147. Koss suggests t hat the offer ( f rewards of a penny, 
(an anna) lor 50 anopheles may quite possibly lead to a 
large slaughter by village children. It may also have a 
contrary effect. On one occasion, a planter offered a small 
monetary reward for the capture of anopheles only to dis- 
cover after some time that one of the cleverer hoys had 
learned how to breed large numbers in order to make 
money easily. Bats, birds, lizards, toads, dragon flies and 
certain other flies are known to catch mosquitoes. Bats 
have even been encouraged for this purpose in certain 
parts of California. But. although these animals may 
reduce mosquitoes to some extent, no one can seriously 
suppose that they could be used as the main instrument for 
the control of malaria in Bengal. 

86 — Measures fop Destroying Anopheles Larva : Larvleldoo. 

148. Sir Ronald Ross was the first to propose the 
control of malaria by the destruction of anopheles larv® ; 

f and the methods suggested by him have been used with 
marked success at Ismailia, Panama, Havana and many 
other places. The trehtment of '‘collections of water with 
kerosene or crude petroleum is the simplest method and is 
now familiar to all. Other preparations may be used also, 
including emulsions of' crude creosote, coal-tar disinfect- 
ants and solutions of certain chemicals *, but these are 



generally more expensive than the oil. The cheapest cam- 
paign against mosquitoes by oiling was earned out some 
• years since at Port baid, a plape where there is little rain* 
fall. The work cost about 5 pence ^5 annas) per head of the 
population, which is a very low figure, impossible now 
that prices aye so high. Even i annas per head of the 
populatioA would amount to a very large sum in* Bengal. In 
Calcutta alone, it would mean over 3 lakhs per annum, and 
in Bengal it would amount to nearly >£ crords of rupees per 
annum. But this latter sum would not be anything like 
sufficient for the control of the dangerous anopheles mos- 
quitoes In the province. 

67 — The Anti-malarial Campaign at Ffcanama. 

• 

149 Turning to the Very successful anti-malarial 
campaign at Panama, we learn from reports by the late Sir 
*William Gorgas, who was in charge of the Avork, that the 
amount spent iq the canal zone on anti-mosquito work 
alone was 2 dollars per head of the p <pulation per annum, 
i Allowing Rs. 3 to the dollar gives Rs 6 pe 1 * head. The 
population living in the malarious villages of, Bengal is 
30,000,000 and Rs. 6 pei head on this Population would 
amount to 18 .crores ol rupees per annum On the basis 
of the whole population of Bengal, another 50 per cent, or a 
total of 27 crores per annum would be required. This 
sum is three times the total revenue of the province. No 
expense was spared at Panami. To qjiote Gorga&’s own 
words — “ When the canal shall have been finished, it can 
be shown that sanitation cost aboul $365,000 (£73.000) 
per year. For a population of 150,000. this means an 
expenditure ot about 1 cent, (one half penny I per capita 
per day, and this sum is well within* the means of any 
tropical country.” But an expenditure of one half 
penny per head per day in Bengal is Rs. 11*4 per head per 
annum and this on a population of nearly 46^ millions is 
over 50 crores* of rupees, or more than five times the total 
revenue of the province. Clearly such enormous sums as 
this are altogether outside the scope of practical politics. 
And though Gorgas’s splendid achievement merits the 
highest praise, it docs not afford an example that can be 
followed in Bengal in present circumstances. In recent 
years, the successful deduction of malaria by anti-larval 
measures has been reported from several areas in America at 
acpst per head of the population considerably lower than that 
expended at Panama. *But*even in those cases, the sums 
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found necessary ranged from about Re. 1-8 to.Rs. 2-4 per 
head of the population. In Bengal, expenditure at this rate 
in the malarious areas only wpuld require anything between 
4jr to 6f crores per annum. 

8«— Estimate for Anti-malarial Work in Mauritius. 

150. In , 1909, Sir Ronald Ross visited Mauritius apd 

drew up an estimate for an anti-malarial campaign in that 
island. His rebommeftdations included partial prevention 
by quinine, hut he relied mainly upon what he termed 
“ minor measures ” of anti-mosquito control. MaurUius < has 
an area of 705 square miles, a population of 373,336 persons 
with a mean density of 534 persons to the square mile f and a 
revenue in 1909 of lis. 99,15,863, equal to Rs. 26*5 per head 
of the population. .This revenue is in proportim 13 
times as great as that of Bengal. With a similar rate of 
revenue, the Bengal Government would enjoy an income of, 
no less than 120J erores of rupees instead of nine crores as 
at present. “ 1 estimated,” says Ross, “ that a general mos- 
quito reduction in inhabited areas, especially towns, would 
cost, for minor works alone, the s im of £5,600 (Bs. 83,910) 
per annum.* ... I advised that the workmen be formed 
into gangs of about three or four men each. One of the men 
should be appointed headman of each gang wivb extra pay 
and should be responsible for the work of the gang. . . . 

It is impossible to state how many gangs will be required 
fra given area. In Mauritius, I thought that one gang 
could manage abowt four square miles at a very rough, 
average, and the cost of each gang was about Rs. 50 (£3‘3) 
a month. The gangs are to be superintended by mosfci- 
quiers or by special headmen if necessary.” < 

151. Under the head of “ Cost” lie gave the following 
estimate of the work : — 

Per annum 

R* 

6,00 ) 

6,0 <0 
4,560 
65,4( 0 
30,00 » 
3,600 
1,500 
5,450 . 
2,000 
10,490 


Items 


(1) Salary of the malaria a ithoiity ... 

(2) Salaries of 5 quinine dispensers ... 

(3) Salaries of 15 mostiquiers ... ..* 

(4) Salaries of 109 gangs (327) 

(5) Coot of quinine 

(«) Preparation and despatch of quinine (say) ... 

(7) Office of malaria authority ‘ ... 

(8) Implements, etc., for gang#(Rs. 50 a gang) ... 

(9) Travelling expense ftfr staff ...' 

(10) Margin for possible calls ... 


Total 


IM 


Rs. 1,35,000 1 
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This expenditure for an area of only 705 square miles, 
rather less than an average subdivision of a Bengal district, 
worked out to 0'36 rupees per head of the population. 
Applying these figures to the case of Bengal, it would require 
almost exactly 1*6 crores of rupees per annum. As Ross’ 
estimate^as drawn up 12 years ago, ^ong before the great 
rirfie that'has since taken place in the cost bofh of labour 
and material, it is certain that it would have to be greatly 
increased at the present time. Probably, it would now have 
to be doubled. This would mean an expenditure *ovei 
3 crtn-es* per annum tor Bengal. But even this sum would 
not suffice. Ross’s estimate for anti-mosquito work was an 
exceedingly low one. 


89— The Cost of Antl-mosquito work In IHnajpui*. 

152. In Dinajpur town, where anti-mosquito work was 
carried on for several years by the Bengal Government, the 
actual expenditure was very much greater yet tfhe results 
were /iot appreciable. The report on the Dinajpur opera- 
tions states 

“In 11106, the Civil Surgeon, employing comict labour, had kept 
40 men continuously at work for abo it 5 months of the rainy season. 
In 1008, Captain Reauey, I.M.S., ha 1 estimated for the employment 
y>f 10 men and a foreman throughout the yeifr, 15 extra men and 3 
extra foremen for 3 months, and an additional 40 m*u for one 
m mth. In 1909, an average of more than 28 men, rising to a 
maximum of ^8 men, were imploy*d throughout the year, an 1 in 
addition from 2 to 5 moustuj liers were engaged. In 1910, an average 
of 22 men, rising to a maximum of 28 men, -were employed. As the 
area dealt with was not more than 4 square miles th\s staff, which, 
was much greater than that allowed term Mauritius, should ha\e 
been far more than were really necessary to give a fair trial to 
‘minor measures’ of mosquito reduction.” But on the etidence 
of the Civil Burgeons, who superintended the measures in Dinajpur. 
the number of.roen were not sufficient to do the work properly. 
Assuming that the *Mauritius estimates were reasonable, *t wotkd 
appear that conditions in Dinajpur were much more difficult than 
any met with on that island. If this is so. it follows that the same 
conclusion must apply to nekrly e\ery mvmictpalitj in Bengal, for 
with hardly an exception towns id that provjnc » offe/ difficulties as 
great as those tg be met with iu thnajpur and many of them present 
even more serious obstacle to the successful carrying out of “ minor 
measures” of mosquito reduction . . .•“The results obtained 
atvDiqpjpur support the concision arrived at with regard to the 
somewhat similar measures carried out at Banaghat during 1906- 
1909. At the latter place, the mim|r measures of mosquito reduction 



were finally discontinued, because it was found that they were not 
successful. In Dinajpur, although the expenditure on these minor 
measures, including the cost of supervision, amounted to an Overage 
of Ha. 1,680 per annum for tach square mile of the area treated, &e 
res a Its were so doubtful that the work was discontinued. ill view 
of this fact success must not he looked for from similar measures at 
- a less expenditure unless conditions are specially favourable,” 

The expenditure gn “ minor measures ” of mpsquito 
control in Dinajpur, although on a scale ten timeses heavy 
aslioss’ estimate for similar work in Mauritius, did not 
prove strikingly successful. It is obvious therefor 4 that a 
much larger amount than Rs. 3 crores would be required for 
Bengal as a whole, and that we <¥>uld not now be certain of 
success with qn‘ expenditure of 16 to 30 crores of rupees on 
similar measures. 


90 - Destruction of Anopheles Larva by sWiall Fish, eto. 

153. From time to time the suggestion is made that 
malaria can ‘be controlled by introducing small fish, ducks or 
other natural enemies of mosquito larv* into tjie collections 
of water in which these larvae breed. “ No cheaper and bettor 
anti-malaria measure.” says Ross, “ than the extermination 
of anophelines by natural enemies could be conceived or 
devised — were such a thing possible.” “Unfortunately,” 
he adds, “ experience proves that animals and plants survive, 
even in large numbers, the introduction of their most deadly 
enemies ; they succeed in finding some refuge or other, and 
a state of commensalism is finally arrived at.” He cites 
Panama as *an example where anophelines abounded in 
spite of the presence of hosts of fish which preyed upon 
them, and he also states t Hat lie “saw a ditch* in Calcutta 
full of small fish and absolutely thick with mosquito larvae ; 
and have observed fish and larvae living together in rice 
fields.” 

•154. * A considerable amount of study hhs been given to 
the mosquito-destroying fish of Kertgal by Dr. Chaudhuri and 
others. Observations also have shqwn that these fishes are 
widely distributed both in the njost malarious and less mala- 
rious areas. There are grounds *fbr believing tfyat the supply 
of fish generally has greatly diminished in many areas in 
Bengal. The reports* of Sir Krishna Gupta and Mr. K. Q. 
De , c.i.E., i.c.s.. are both unanimous .upon this point { one 
of the causes being tHe grad ua^ drying up of the streams and 



fend a general reduction of surface water, and If 
tbif is so the mere introduction of fish without * corre- 
^pctading increase of water m which they could live, would 
got be likely to prove efFectivl. As it is, almost every 
collection of water containing anopheles larvae also contains 
one or # other species of fish # that preys upon them* It is 
*>nly those ignorant of this fact *who usually make the 
suggestion that malaria can be diminished by the introduc- 
tion of^fish* * # 

1 & 5 * Irrigation, it may be observed, would undoubtedly 
favotfr the increase of fish, and thus help to reduce the 
number of anopheles. In this connexion, the following quota- 
tion from a paper read by«General Schangti-tong at the Paris 
International Congress of 1889 is not without interest : — 

“ I may add that without these gigantic irrigation works, the 
Chines* could never have carried to such a pitch of perfection one of 
their most important industries. I speak of pisci culture. Thanks to 
the abundance of water, the whole of my countrymen, instead ot 
contenting thentselves with covering with their fishing boats the seas, 
rivers, and lakes of our country, have devoted themselves to the 
breeding of fish. The spawn is every where caiefully collecte l , fa^ 
from leaving it to take its chance, the peasant gives this source of 
wealth a sate shelter in some spot where a pe*eDnial*supply of water 
can b* assured. The irrigation reservoirs teem with fish. During 
winter, the ric** fields are fallow ; the water is led into them, and they 
are instantly full of carp. This industry allows us to make fish a 
considerable factor ui the food of our people. The fish are either 
eaten fresh, or salted, and dried ; they are despatched to all parts of 
the Empire and sold at a price which is remunerative, though it is 
exceedingly cheap.” 


Obviflusly under the conditions depicted in the above 
passage, anopheles larvae can hav§ but little chance to 
multiply ; and it is possible that intensive pisci culture is 
one of the? causes of the remarkable immunity fiom malaria 
enjoyed by the deltaic tracts of China. 


• • 

91 — Control of Anopheles Breeding Places by Draining or 

Filling. 

156 . # Where feasible* the control of aifopheles breeding 
places by drainage or their permanent obliteration by filling 
them up with earth is always advisable. But a considera- 
tion of the facts shows* that we cannot look to either of 
these measures for the control of mhlaria on a Large scale 



in the deltaic areas of Bengal. The vast majority of the 
infected villages are situated in the deltaic portions of each 
division, where, in the flood seaspn, the level of the rivers is 
so high that drainage by gravity is out of the question^ 
Drainage by pumping is utterly impossible not only because 
of the cost but owing to the fact that drying the land surface 
to a degree -sufficient t to prevent malaria would also i 
prevent the cultivation of rice on which the population 
depends for its food supply. The village sites jn* the 
deltaic areas in which malaria is specially intense are 
riddled Vith ditches and borrow-pit s of all kinds, anc£ the 
filling up of the excavations in 80,000 villages is an 
absolutely impossible task. It is stated that some years 
ago a rough estimate was made' of the cost of filling 'up 
borrow-pits, in* 'the municipal areas only, of another 
province. It is reported that this' estimate amounted to 
two years’ total revenue of the province in question. 

157. In recent years certain experiments have been 
carried out to determine the feasibility of reducing malaria 
in the more undulating country that exists in the extreme 
,west and the north of the province. In the one case, at 
Singarau-Topo # si, the scheme of work included the periodic 
flushing of the local r\ver by means of a sluice, the filling up 
of numerous hollows and depressions and the drainage of 
many small swamps, and other collections of water. By 
these means, a considerable reduction has been effected in 
the number of anopheles. And on general report there has 
been ac>rres <>n ling diminution in the amount of malaria. 
But, the disease lias not been nearly eradicated as yet and, 
althoughtlie country dealt with covers considerably over 
one square mile, it now seems probable that this area is too- 
emall to allow the measures a chance of complete success. 
Similar conclusions have been arrived at in the case of 
Minglas, where under-draining has been chiefly . resorted 
to and where, within an area covering 500 acres, anopheleR 
‘.breeding places have been almost ontiroly abolished by this 
method of draining. Here also t ho measure* of success 
achieved at present is not sufficient to warrant f he *assump- 
t. op that in'places, such as this, where the infection rate ia 
very high th<j total obliteration of anopheles breeding 
places over an area less than two square miles will serve to 
eradicate malari^. As the. cost measures of this kind 
is heavy and increases in proportion with*' the si3e of che 
area to be dealt with, it is clear that at present we cannot 
count upon eradicating malaria from Bengal by means qf 
drainage and the filling up of hollows. * 



(fe-Tti« < T«nifierai>)r OWittraUm of AntfMlM 

toy flooding 01* " Covering *• with W«tw. 

158. • Attention has already «been called to the good 

insults obtainable by “ covering ” with water low-lying 
areas containing many email breeding places of anopheles-* 
This mfeasure has been in use for thousands of years. It 
toas adopted in Europe long before anything was known 
about.the causes of malaria. It was firSt employed with 
success by the ancient Greeks in a few localities apd was 
afiervjards used on several occasions both by the Italians 
aild tSe Dutch. In recent years (as already mentioned in 
section 69) Celli, while speaking of its value, refers to the 
suppression of an epidemic of aquatig origin by the 
presence of water as a paradox .requiring explanation. 
The explanation sought tfy Celli has now been given and 
is discussed at some length in paragraphs 65 and 66 of 
this report. “Covering with water ” is Nature’s method for 
controlling majaria in low-lying deltaic swamps. Every 
year this measure can be seen in action with the happiest 
results in vast areas in Eastern Bengal. Again and 
again in past years also the good effect on malaria of high 
floods in the rivers and copious inundations have been put 
on fecord by a host of medical men and other observers. 
Recently an attempt has been made to apply this method 
in the case of certain small aieas in Bengal that have 
long been malarious. To this end a small scheme has been 
carried out at Jangipur and another of a rather 
different chai'acter in a portion of the Bard wan district. 
Tho effect of the work at Jang, pur is spoken of favourably 
by the loqal residents. In 1918, the Head master of the 
high school stated that “ the health of the town of Jangi- 
pur was good when all the surrounding villages as well 
as all places in this division .wen 1 subject to the wide- 
spread ravages of influenza and malaria. But since the 
introduction of the anti-malarial scheme, the health of the 
town has considerably improved.” In the same year, the 
Superintending; Engineer in charge of the Ban^a Vajley 
Scheme reported that : — • 

“ The regulator was us:sd for regulating the deptl* of water on 
the land with tl!e resnlt that the crops, which otherwise* 
would have been destroyed by heavy rajn and floods in 
the # Banka, have been saved.” 

159. The following extracts contain a brief summary 
cff the results reporte4 from Jangipur and the Banka Valley 
for 1919 
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Jangiput flood and flush scheme ,— This scheme _ for 
flashing 1 oat ditches, drains an<j tanks with silt-laden river 
water continues to give geod results. One of the attached 
histograms indicates the death-rate of the town <pino® 
,1911 and shows tha f , exeluding 1918 and 191,9* the year 
of influenza • prevalence, there has been a substantial 
improvement since the scheme was first inaugurated! 
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This improvement in the general health has followed 
lipon a diminution of malaria, as v may be seen from the 
second histogram wlwch slioWs, the relative reduction 
that has occurred in the* spleen index of tbte town as a 
whole and particularly in the case of wards I and IV. 
In the t wo wards specially referred to, the spleen injjex* 
has been reduced by ever 50 per cent.' during the last few 
years. 
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Banka villey *cheme . — The Banka valley scheme also 
appears to be giving good, results. One of the attached 
histograms indicates the recorded mortality of the whole 
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area since the work was first begun, and the other showfe 
the steady and continued fall in the gpleen ‘index that has 
(jccurred at Singur, a village which is situated not far from 
the centre of the area. Both in the Banka valley and at 
Jangipur, instead of merely removing water by drainage in 
the ordinary way, provision has been nude for the 
admission, during the flood season, of an mei eased amount 
ol silt-laden river water into the anea served The same 
principle has also been recentlj adopted w.tb remarkable 
success at Kumarkbali. The flushing of an unhealthy 
area was first tried in the case of the Kan.i Nadi as long 
ago as 187-1-75 and proved completely successful. Good 
results weie also obtained nearly bo years ago by similar 
measures in the ease of certain villages in the Rajshahi 
district, which had been attacked by an epidemic of, 
malaria. Thus, it is recorded by Dr. Bensley. the Civil 
Surgeon, that the channels leading to a number of the tanks 
in the affected villages were re-excavated and, fresh, water 
brought in, and that after this the epidemic ceased * In 
view of these facts and the good results that have been 
obtained recently at Jangipur and Kumarkbali, and *in 
connexion also with .bfte Banka'valley mid the Saraswati 
river, thlre is every ground for believing that measures 
for improving the channels of water-courses and increa- 
sing the flow of watpr during the wet season, may be 
confidently expected to prove effective in the amelioration 
of malaria in Bengal. 
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Sarawati scheme . — Reference has been made, to the 
work accomplished in connexion ^vitb the Saras wah nvef. 
A portion of the bed of this ^decaying river has been re- 
exoavated in recent years and the flow in the channel has 


BABASWATI RIVER 
Bnmm Maps* or vtUAoea 



greatly improved. The effect of this improvement upon 
the health of i he adjacjut villages has been excellent ; and 
as may be seen from the inset block, the aggregate spleen 
index of villages situated near the re-excavabd portion of 
the river has undergone a material re luction pointing to 
the diminution that has occuried in the prevalence of 
malaria. On the other ‘'hand, in village s situated on the 
banks of the same riser, but at points tar removed from 
the re-excavated portion, there has been a marked increase 
in the spleen index during the sitno period. These 
successiul experiments al .Jangipur, Kumarkhali and 
Sarawati, respectively, prove ^conclusively that the firm 
belief of the country people m many parts of Bengal that 
the improvement of rivers and khals and the restoration of 
flow in their channels will reduce malaria, is founded upou 
a solid basis of fact Wherever, therefore, measures of 
thmkifid call be put into operation every possible en- 
couragement should bo given to carrying them oat. 

Covering ‘by water ” is a measure that offers possi- 
bilities in connection with, schemes pf bonification m deltaic 
tracts where wet cultivation* is the* staple form* of agri- 
culture, and as we shall see later, the. carrying out of 
irrigation projeci s will affdt^l an opportunity for applying 
this method for the joint, amelioration of malaria and im- 
provement of agriculture. 








A3— Prevention of Malaria by Protection from the Bttto of 

Mosquitoes. 

» 160. Protection from* mosguito bites can be secured 

by. the use of mosquito nets, screening, fans and repellent 
oils and medicaments. The educated <md well-to-do 
classes may protect themselves from malaria in this way 
to a'great extent, but the poor will generally refuse the 
expense incurred. The cost qf a geod mosquito not is 
beyoild the reach of the vast majority of the people, and 
the* cheap nets now used by some of them soon ‘wear out. 

• Thfe cost of screening a house is very heavy. Paukhas and 
fans are not practicable for the mass of the population and 
medicinal culicifuges are of little real value. The dwellings 
of the poorer classes are everywlfe»e permeable to 
mosquitoes, and to protect such liouses would cost as much 
as rebuilding the whole house. While therefore protection 
should be urged upon every one as strongly as possible, this 
measure cannot be considered as likely to prove immediately 
effective in reducing the malaria of tire community as a 
whole to any great oxtent. . 

161 In Bengal, although the number of. liouses is stated 
to be about one tor every five of the population, each house 
m the rgral areas consists of a number of isolated huts. 
The cost of screening these huts or even providing a 
mosquito net for each of the inmates would mount up to a 
very large sum. To provide the cheapest form of net for 
the 30,000.000 people in the 83,000 malarious villages 
would cost at least 10 crores of rupees, and at the end of 
a year most of the nets would be useless. Obviously, 
therefore, protection from mosquitoes cannot, be looked upon 
as a practicable measure of general malaria control for 
Bengal at the present time. • 

• • 

94 — Co-operative Anti-malarial Sooletlea. 

162. Although financial considerations at present 
preclude the extended use of the majority of the specific 
anti-malarial measures referred to, it by no mfcans follows 
that these measures are to be abandoned as useless. On 
the contrary, they must be adopted wherever possible, as 
far as means will allijw. Wheji a general finds that his 
availably supply *of ammunition or his heavy artillery is 
not sufficient to enable him to defeat the enemy by a 
frontal attack, he neither discard these weapons as useless 
fior wastes them in frtiitless assaults. On the contrary, 



m 


ho employs them when a suitable opportunity offers 
husbands them carefully until such time as his resources 
can be increased sufficiently to enable him to employ them 
with a certainty of success. Evefy one of the anti-malarial 
measures that we have been discussing has its place in the 
campaign against malaria, and must be app’ied whenever it 
cart be used to the best advantage. In this cohnesrion, 
attention must be*directed to an interesting movement* for 
the formation of cooperative anti-malarial societies that 
has recently been initiated by Rai Bahadur Dr. €ropal 
Chandra •Chattarji. The aim of this movement is» to 
establish societies for mutual self-help against malaria ; 
and for achieving this purpose many of the various measures 
referred to are being made use of £8 far as means will 
allow. Tnis movement is full of promise. For, quite apart 
from the immediate results* attained against malaria, it offers 
a valuable means of educating the public and gradually 
enlisting their help against the common enemy. The 
movement is at present in its infancy, but it merits every 
encouragement for it appears destined to become an 
important agency for the final eradication of malaria from 
th‘e country. The fact that societies of this kind are in 
existence and aVe making an attempt to improve the locali- 
ties in which they have been established is a most hopeful* 
sign. And if the originator of the movement lives to seo 
societies of this kind established in every village union 
throughout the province, he will have achieved his purpose 
and provided a most potent weapon by which the final 
control of malaria may be accomplished. Every endeavour 
shguld. therefore, be made to further the establishment of 

co-operative anti-malarial societies throughout the province. 

« 

93— Recapitulation end Conclusions. 

163 To recapitulate : w£ have seen that phobably 
qver SO, 000 villages are malarious and 30.000.000 people 
infected with the disease ; to deal with this njalaria by 
quinine would cost at least l£ to 2 crores of rupees per 
annum for quinine alone, half of this amount beihg required 
in Western and Central Bengal ; and the annual cost of 
the necessary staff would be at least hplf as much again 
and"might even equal the cost of the quinine ; this method 
of dealing with maflaria would therefore entail an expendi- 
ture amounting to anything between 2^ to 4 crores of 
rupees per annum ; but a campaign of this sort i? impracti- 
cable because quite apart from the ‘question of cost, the* 



anjoupt of quinine required could not be male availably 
for many years to come ; dealing with malaria on the lines 
suggested by Ross for Mauritius would cost at his original 
estimate- If crores per annufa an<^ at present prices double 
tins yum or 3Jr crores, and it could not prove effective for 
'the reasons already given ; anti-mosquito measures in the 
malarious villages on the latest American lines would cosf 
between 4J to 6f crores per anndm ; work on the lines 
of thyt carried out at Panama would «ost 18 crores of 
rupees *if confined to the milarious villages only; the 
general prevention of malaria by protection from mosquito 
bites *is impracticable and even more costly than other 
methods ; no reliance can be placed on the use of natural 
enemies of mosquitoes ; hhe abolition of anopheles breeding 
places by tilling-up is impracticable on aceoynt of the cost ; 
and their treatment, by drainage is Squally impossible both 
on the grounds of cost and the physical difficulties to 
be overcome. 

164. At first sight the position in regard to the 
amelioration of malaria in Bengd would appear far from 
hopeful. The total Government revenue is about 9 crores 
of rupees per annum. The total gross income of the popula- 
tion. calculated on the late Major J.»(J. Ja'ck’s estimate 
for the Fjridpur district, would be about 240 crores per 
annum. Assigning an arbitrary value of Rs. 100 to the 
yield of each acre cultivated, would place the gross 
agricultural income of the country at about 290 crores 
per annum. 

165. But allowing 50 per cent, eftra in Eastern Bengal 
and 25 per cent, in Northern Bengal for the more valuable 
crops grown and the greater yield obtajped owing to the 
fertilizing inundations would raise the estimate by another 
100 crores to a total gross agricultural inconle of about 390 
crores. Even on this latter figure, it will be at once 
apparent ’that, the present resources of the conut, ry are 
totally inadequate for ameliorating malaria by the employ- 
ment of costly direct attacks either upon the parasite or 
the anopheles mosquitoes that transmit, it. All such 
measures, as* we have seen, necessitate a very heavy 
outlay; and whatever their eventual effect may be on the 
earning capacity of thie population, they canhot yield any 
direct return to Goveriynent in the way of increased 
’revenue. *This being sd, 'recourse must be nad to the only 
known method of anti-malarial sanitation, that is directly 
productive, namely bonification. • Bonification offers the 
only alternative to* a hopeless struggle against impossible 



odds, or a policy of final resignation and despair. Move- 
over, it offers the one possible solution of the problem 
of Bengal malaria. And further, it promises an absolute 
certainty of success ; because, while it is not ‘only aft 
effective measure in itself, it will also provide the resoarce? 
needei for applying every & her known method of malarial 
prevention for the final eradication of the disease. 
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CHAPTER ¥111. 

Bonlfloatfon. 

“ Water is India’s greatest treasure ” 

(Sir Arthur Cotton, r.b.) 

w * ^ 

£ 

“ It is not the fault of the water if its natural circulation y 
interfered with ; if certain portions of the land are drowned while 
overawe left completely dry.” 

(WlNWOOD READBS.) 

• » 

“ There is not a single acre in India that w^uld not be better 
for rich river water at somf period of the crop, even when rain is 
most abundant, and that not only for rice, but for dry grains also.’’ 

(Sir Arthur Cotton, r.b.) 

“ If the careful regulation of the water is attende 1 to, it answers 
admirably every requirement of the country, bringing prosperity to 
the population and revenue to the Government. Its necessary out- 
lay in the cost of works is amply repaid over and bver again, not 
only by the wealth but also the health of the* territory where the 
tnortey is speat.” 

- (Sir Arthur Cotton, r.b.) 

96 — Whit Bonification Is. 

• 

1G6. The idea ol combining in a single scheme 
measureb for the improvement both of agriculture and the 
public health originated with Leonardo da* Vinci, who ex- 
plained in the 53rd Chapter of his great treatise on the 
movement and measurement of waters : “ How with the 
running water we ought tocarry.the earth of the mountains 
into the valleys, so as to render them fertile and to purify 
the air.” The clearest statement of the principles of 
Bonification igftobe found in Professor Mannaberg’s classic 
monograph *on malaria, which contains the following strik- 
ing passage : — 

** It was the cultural activity of the race that converted severely 
infected, death-dealing malarial foci into salubrious, thickly inhabited 
territories. The general prophflaxis of nlalaria would, up to the 
discovery of the mosquito malarial* cycle, be stated in one word 
‘ cultivation \ and this in a sense is still true. All these old and 
^ell-tried methods Bad this common aim, # the regulation of the ground 
moisture so as to promote fertility. These regulations were to be 
accompanied by cultivation without which the end was rarely 

9 
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attained. The ground could not be left as pasture but had tT> be 
systematically planted with grain, sugarcane, eucalyptus, etc* 
The special properties of the soil and the climatic % conditions of the 
locality decided the choice of the plant- These hygienic regulations 
occasionally produced extraordinary results. The cultivation, of Che 
( ground from this, the old sfand point, might be designated as a 
second important factor in prophylaxis. It was well known that 
when cultivation is neglected even healthy regions pay thi penally 
of infection. Th^ extensive clearing of forests especially has drawn 
in its wake serious results for the neighbourhood. In swamps where 
drainage was impossible, a regular level was aimed at, especially 
during the summer months, by the regulation of the incoming and 
outgoing water, and by the building of dams, since it was not* the 
surface covered with water, but that which was alternately uinier 
water and exposed to evaporation which was (supposed to be) 
dangerous. Exceptionally during severe epidemics, radical measures 
were undertake^, as for instance, the copious flooding of malarial 
foci. This was first put into pracVice by Empedocles, later by 
Lamisi.” 


167. In a reporr on the utilization of river wilt for the 
fertilisation of lanu and the mitigation of malaria ” the late 
Sir Edward Buck defines ” Bonificazione ” as “ the improve- 
ment by drainage and by silt deposit not only of the 
agricultural value* of the land treated, but, also as a rule, of 
the climate of the area dealt with.” Mr. C. H. Hutton, 
c.i.E., of the United Provinces Irrigation Department, who 
has reported on the utilization of silt in Italy, states “ By 
the term Bonificazione is meant, in a general way, the 
improvement of land, either from an agricultural or hygienic 
point of view, or* from both together. ” There is no’ 
mystery in u Bonificazione.” It is merely certain old and 
well-tried principles under a new name. Those principles 
are the regulation of surface waters and the promotion of 
cultivation referred to by Mannaberg. Bonificazione is not 
the monopoly of Italy nor the invention of Italian engineers, 
although the world owes much in this connexion both to 
that country and the genius of her people. 

“ Nothing can be more evident,” said Sir Arthur Cotton over 
sixty years ago, “than that upon the regulation of water all pro luce 
depends . . . Every acre of land in the world ‘requires irrigation 
and drainage. Not a year passes that there are not both excess and 
deficiency ot water at different times. Upon the regulation of the 
waters of every country depends uncomparably more than upon 
anything else the well-baing of it,',and this is especially the c&sq in 
all tropical and other countries which havo well-defined periodical 
rains.” 

In these few w<?rds, the great Irrigation expert, whose 
magnificient achievements slaved both Tanjore and the 
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Gfodavari delta lrom agricultural decay and depopulation, 
lays down this fundamental principle of water-regulation 
and agricultural improvement implied in the “ Bonifica- 
asioqp ” of the Italian engineers. 

168. poftification does not# necessarily require the em- 
ployment of special or peculiar systems of engineering, or 
•the cultivation of any particular kind of crop. “ Experience 
teaches that the soil is the more insalubrious the less it is 
cultivated ” says Mannaberg. But under the head cultiva- 
tion he includes much more than is ordinarily implied by th*at 
tterm* viz., the regulation of the ground moisture, the promo- 
tion of soil fertility, the raising of crops and even the number 
and condition of the population concerned in the work. 
Further, the regulation ol water is to bfi accomplished by 
canalization and drainage, and in tfie case of swamps both 
the incoming as well as the outgoing water must be regulat- 
ed either by dams and other means, and if necessary flooding 
must be resorjed to. For the purpose of bonification, the 
growth of crops is better than pasturage and, though certain 
crops are mentioned as specially suitable, the guiding; 
principles that must determine the choice ol fche crops to be 
cultivated are climate and the conditions of the soil. 

• 169. Bonification, therefore, consists in (1) the regula- 
tion ol all surface waters, (2) the improvement of the fertility 
of the soil, (3) the cultivation ol those classes of crops best 
suited to the local conditions, (4) and the promotion both of 
the increase and the prosperity ol the resident agricultural 
population. Hence any measure, w?iatever its character, 
provided it will stimulate agriculture and encourage cuF 
tivation. B making the soil yield the highest possible return 
to the local agricultural population and thus promoting their 
health and their prosperity, is “ bonification'’ in the truest 
sense. It is these general principles of water regulation 
and of agricultural improvement that must be applied in 
the case of Bengal for the amelioration of the associated • 
evils of malaria, agricultural decline and depopulation. 

97— Bonifloafcion a Productive Measure. 

170. It will be gathered from what haS been stated 
that bonification is a productive measure. It is, moreover, 
*t,he only ^nti-malarial Measure that is productive. Hence 
it is specially adapted for the reduction of malaria in rural 
areas, where, non-productive measures of sanitation are 
often impossible on a* scale adequate for the occasion 
because of the heavy cost and the large area to be dealt 
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with. Productive measures naturally fall into two catego- 
ries : *hose that afford a dir© 9 t monetary return on the 
capital outlay involved, a#ld those that while not neces* 
sarily being directly remunerative, yet add enormously tar* 
Ijhe general prosperity of the community and yield indirect 
returns perhaps far in excess of their initial cost. " “Bonifi- 
cation is productive in the latter sense and may conceivably’ 
fall under the firs*i- category also, provided ‘ considerations 
of administration allow. In connexion with this question 
of the relative productiveness of large measures aimed at 
promoting the public welfare, the following passage rela1“- 
ing to irrigation in Egypt is of special interest. 

“The. Government ”, says Sir William Willcocks, “does 
not consider only' the direct gains from taxation \ e.g., the 
land tax), it considers the increased transport on its rail- 
ways, the increased import of necessaries, the increased use 
of duty-paying luxuries like tobacco, the diminished losses 
of revenue in years of scarcity and the improyed well-being 
of its population. India, as a rule, does exactly the 
. opposite. With rare exceptions, it calculates the expendi- 
ture and revenue of its projects on commercial lines just 
as though it had olily direct taxes to deal with ; and on 
this account rejects project after project in .the tracts, 
where they are most needed and carries them out where 
they pay best whether they are needed or not.” In a later 
passage, the same author suggests what might he done in 
India in the way of providing really productive works of 
irrigation. “ If Government ”, he says, “ could take advan- 
tage of the fact that the first heavy falls of monsoon rain 
on a dry and fviable soil fills the rivers in thpir early 
stages with water, which is in great part manure, by 
building suitable worky on the rivers and their tributaries 
it might lead these waters oyer the poor worn-out soils and 
give them a new lease of life. All these projects would 
not pay as irrigation enterprises, but they would pay a 
hundred-fold indirectly. Famine expenditure would be 
reduced beyond recognition, and the successful completion 
of our projects would show the way for developments 
unthought of to-day. These would, be no visionary pro- 
jects. They would be sound investments.” 

< « *■, , 

98— Examples of Bonlftoatlon i the «vai di Qhiana. 

171. The best known examples of bonificazione are 
naturally to be found in Italy, the Val,di Chiana being the 
oldest and the most Successful. The Val di Chiana has 
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been entirely reclaimed by the regulation of the surface 
water and the deposit of silt. Sir Edward Buck quotes 
the official report to the effect that “ all the transformations 
have befm due to the natural deposit of silt spread over 
fhe .land by lateral streams directed more or less by 
man.” Tarrifcelli, a pupil of Galileo, was the first to studj; 
the question of silt deposit, but it .was not until the close 
•of the eighteenth century tha t malaria was expelled from 
the Va^ di Chiana by this means, and eflen then much in 
the way of levelling and draining and irrigation stijl 
remained to be done. The latter work was designed by 
Possombroni and was carried out by Manetti and other 
able Tuscan Engineers in comparatively recent times. 
Baifd Smith did not visit the valley during his Italian tour, 
giving his reason for not doing 60 the factr that “ Manetti 
informal me that 1 woulS see only results, as the whole of 
the works there had been finished for some time, and with 
the most remarkable success, the entire valley having been 
restored to culture, occupied by an industrious and now 
healthy population, with the low marshy localities all filled 
up and the waters under perfect control.” The Val di 
Chiana is now one of the most fertile, densely populated 
and prosperous agricultural districts ih Italy It covers 
abbut 800* square miles, the greater part of which is cul- 
tivated, a portion being irrigated and devoted to vice crops. 
The population, which is composed of small cultivators, 
exceeds 600 to the square mile. It is an area of special 
interest to malaria experis, not only l^jcause it is a striking 
demonstration of the beneficial result of bonificazione, but 
owing to the fact that it affords an example of “ Anophelisnf 
sine malaria,” anopheles mosquitoes being*preseut in con- 
siderable numbers whilst malarial disease is almost 
unknown. Probably the Val di Chiana is still potentially 
.malariousj but the perfect contvul of the surface waters, 
the fertility oE the land and the resulting density and 
prosperity of the resident agricultural population serve to 
keep down tbe spread of infection so that the area remains 
free of thts disease. 


99 — Further Example^ of Bonifloazlona : tha'Engllah Fens. 

172. In many othev»bountries 'besides* Italy, the prin- 
ciples of bfinification have been applied with the greatest 
success. The Fen districts of England, the polders of 
Holland, the* whole of. lower Egypt and the deltas of the 
Cauvari and Godavari in Madras* each afford striking 
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e'x&mples of this fact, although in all these cases the work 
was undertaken primarily for agricultural purposes and 
largely for the sake of monetary profit. In England, for 
example, the reclamation <*>f the Fens was beguri at thfe 
time when the price of wheat was high and the shipment 
of corn to the Continent was being encouraged by the 
offer of Government bounties. But though origiftally a 
financial speculation, the work accomplished has none-the-' 
less been entirely ‘successful in ridding the country of the 
“.ague which formerly prevailed ‘there. 

173. The fens of Eastern England comprise ‘ over 
680,000 acres of land, which was formerly inundated by thte 
joint action of the rivers and the sea. They are now pro- 
ductive lands dotted over with towns and villages. Their 
reclamation extended .over a period of two centuries. 
Before attempts were made to reclaim them, the renKtl value 
of the fen lands was estimated at four anna& to twelve 
annas per acre. After reclamation, their value rose rapidly, 
first Rs. 9 to Rs. 12 per acre and in 1849, the, average rental 
was stated to be Rs. 30 per acre. 

1 174. The first stage of reclamation was the construction 

of embankments, drainage being effected by gravity through 
drains provided wit*h sluices. Eventually owing to the 
natural shrinking of the soil, that takes place in* low larids 
that have been drained and cultivated, gravity drains 
ceased to perform their function and it became necess- 
ary to install pumps to lift the water from the low 
lands into the main ditches. It has been found, as 
a matter of experience, that the level of the sub-soil 
water or the water-table in fen lands should be 
kept within 24*' or 30 inches below the surface. The 
Black Sluice District is a typical fen district. It is a strip 
of level marsh, origihally a lake or bil about 4 miles 
wide and twenty-one miles long. The total qrea which 
now discharges its waters through the main sluice into the 
Witham River is 134,351 acres, but the area liable to tax- 
ation in resppet of reclamation is 64,854 acres. * The district 
is drained by a main drain, called the “ South, Fofty Foot,” 
which has a length of 21 miles, with a grade of 3 inches per 
mile. This drain discharges into tide-water near Boston 
through the Black Sluice, which has^three gates each 20 
feet wide. The* interior drainage* of the district i6 accom-, 
plished through the organisation of Small sifb-districts 
bearing local names, a$ “Morton Fen,’ “ Dowsby Fen,” 
etc., which all use the main drain as an outlet and pay a » 
tax for its construction and maintenance. The amount'of 
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ta* for the construction of the main drain was assessed em 
the theory that the land most distant from the outlet should 
pay the greater tax. Numerous pumping stations are 
operated * to accomplish the drainage of the “fens” or 
fltaiuage sub-districts. 

175. ^Seepfcge water from the surrounding higher lands 
is intercepted by a ditch, which is called the “ Gar Dyke. ” 
This ditch extends along the base of the dlope and dis- 
charges # its water into the river through an independent 
sluice j upland water is thus prevented from passing into 
the low lands and flooding them. Many streams, *whicB 
caFry what is termed “ live water ” in contradistinction to 
semi-stagnant swamp water, intersect the area and in many 
easel are carried across the fens on a higher level. Such 
streams are called “ lodes During dry ’seasons, water is 
taken out of ‘these “ lofles ” through small sluices for 
irrigation purposes. 

^100— Bonification in Holland. 

176. In the ease of Holland, similar measures to those 
use l in the English fen districts, applied from similar 
motives and on an even larger scale, h^ve bedn productive 
of sinrlar beneficial results to agriculture and health. As 
in England, the methods of bonification employed in 
Holland consist largely of improved systems of diainage 
whereby low country, which would otherwise remain water- 
logged and unproductive, has been turned into rich farm- 
land. To achieve this purpose, rivei 8* and estuaries have 
been embanked, the low country has been covered with a 
net work of high level drains and canals connected with 
the riverti, and the excess water from the* field is pumped 
up into the drains. Formerly windmills were employed 
tor the purpose of pumping, but in later years steam has 
largely replaced wind as a motive power. The drainage 
of Haarlem lake is a striking' example of bonification by 
embankment # and drainage, the latter process being accom- 
plished by, pumping. The lake was formerly a body of fresh 
water, 14^- milfes long by 8 miles at its greatest width, with 
a maximum depth of 18 feet. It covered an area of 43,700 
acres. It was reclaimed in t he following manner: First, 
an embankment was constructed around the lake for 3 
distance o£ 37 mijes. Outsidp thife a navigable canal was 
excavated into which the water of the lake was to be 
pumped, sluices being provided to allow for the escape of 
'surplus water from $e circular calial into the North Sea 



Cafcal and the Rhine, respective!*. t'M the 

lake midway between the canal and toe effl^ffska^nt. 
The cost of the embankment and canal was approximately 
Rs. 24,22,500. In order 4o empty the lace ana providl 
for subsequent drainage, three pumping Stations- wei^, 
established, one at the liorth, one at the «<wth and 
one on the West side, each with a 350 horse pow^planL 
The lake was ’pumped dry after 39 months, the engines 
having been act dally in operation for 19$ months, 'Main 
drains # were afterwards provided in the bed of the lake 
running north and south and east and west, and numerous 
smaller ditches were connected up to them. Roads were 
also constructed. The land was divided into fields of 50 
acres. The extent of the works may be stated as follows: — 


Total length of encircling cmal and embankment 
„ „ „ large canals leading to the pumps 

„ „ „ main canals 

„ „ „ all canals and drains 

i» i) ii roads ••• 

Number of bridges 
,, „ pumping plants 


Miles 

37 

18-6 

931 

750 

122 

65 

3 


177. After the* reclamation was completed, the lake 
bottom was sold by the Government at public auction at 
prices ranging from Rs. 200 to Rs. 400 per acre, the average 
price being Rs. 250 per acre The amount expended in 
actual construction was about Rs. 120 lakhs, and interest 
charges, commission^, amortization of cipital cost, etc., 
rather more than another Rs. 55 lakhs. The total cost of 
'reclamation was thus about Rs. 175 lakhs. The amount 
derived from sales of lanl, rent, etc., was nearly Rs. 120 
lakhs, and tl^g net cost to the Government was about 
Rs. 130 per acre. 

“About 16,000 people,” says. Elliott, “ now occupy this unique 
domain lying 12 feet below the level of the sea. Two towns iu 
addition to the numerous farmsteads located along the main roads 
give an appearance of thrift and comfort to the entire vea.” 

1,78. Although Holland is now free from malaria, that 
country like almost all delta tracts is potentially malarious. 
A remarkable example which illustrates rbis occurred in 
Holland in 1748. Thus Deadrick records that : — 

“ The Dutch allowed the lam}, for (Mensiv? purposes, to become 
overflowed. Peace being concluded during the middle or the summer 
the inundation was caused to subside, whereupon a serious outbreak 
of malaria occurred. The epidemic was not combated until the land>« 
was again submerged and, kept so until khe advent of winter.” 
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179/ Besides drainage pumping, certain other eng$-‘ 
p tearing exf edlents are sometimes employed for improving- 
low-lying Qoufetry, including wkat is known as 44 warping”. 
Warping is the equivalent of th§ 14 Colmatage ” of the 
•Frenoh and the 44 Colinata ” of Italian Engineers* Owing 
to the frequency with which this method has been employed 
in Italy for the purpose of improving the agricultural land 
of malarious areas, it has often been referred to by English 
Writers as 44 bonificazione ” ( vide pages 99 — 105 of Lt. Col. 
F. C. Hirsts Report on the Nadia Rivers). 44 Warping ” or 
44 Cftlmata ” is, however, only one of many d fferent engineer- 
ing expedients for carrying out the general principles of 
bonification in certain Special ciicumstanccs. Below is a 
brief description extracted from ihe British Encyclopaedia 
of the method of warping as carried out in England : — 

“The best nation of the process of warping may be gained by 
sailing up the Trent from the Humber to Gainsborough. Here the 
banks of the river were constructed centuries ago to protect the* 
land within them from the encroachments of tfye tide. A great 
tract of country was thus laid comparatively* dry. But while the 
wisdom of one age thus succeeded in restricting within bounds the 
tidal water* of the river, it was left to the greater wisdom of a 
succeeding age to improve upon this arrangement by admitting 
these muddy waters to lay a fresh coat of silt on the exhausted soils. 
The process began more than a century ago, but has become a system 
in recent times. Large sluices of stone with strong doors, to be 
shut when it is wished to exclude the tid%, may be seen on both 
banks of the river, and from these great conduits are carried miles 
inward through the dat country to the points previously prepared 
by embankment over which the muddy waters are allowed to 
spread. These main conduits, being very costly, are constructed 
for the warping of large adjoining districts, and openings are made 
at such po nts as are then undergoing the operation. The mud 
is deposited* and the waters return with the falling tide to the 
bed of the river. Spring tides are preferred, and so great is the 
quantity of mud in these rivers that from 10 to 15 acres have been* 
known to be covered with silt from 1 to 3 feet in thickness during 
one spring 10 or 32 tides. Peat-moss of the most sterile character 
has been by tHis process covered with soils of the greatest fertility, 
and swamps which used to be resorted to for leeches are now, by the- 
effects of warping, converted into farms and fertile* fields .. . The 
immediate effect, which te highly beneficial, is the deposition of silt 
from the tide. To ensure this#deposition, t it is necessary to surround 
*the field to tye warped, with &Wong§embankment in order to retain 
the water as the tide recedes The sluices are placed on as low a 
level as possible to permit the most turbijd water at the bottom of the 
• tide to pass through a channel in the bnse of the embankment. The 
silt deposited after harping is exceedingly rich and capable of 
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«£rifyi&g my* apecies of crop. It may b« admitted 42 tc^sia&aU^ 
quantity as only to act as a manure to arable soil, or ia such a large 
quantity as to form a new soil. This latter acquisition is the prin- 
cipal object of warping, and it excite# astonishment to witness hov^ 
tioon a new soil may be formed. From June to September a soil J 
feet in depth may be formed under the favourable circumstance# of & 
i&ery dry season and long drought . . Warp soil is of unsurpassing 
fertility. After the new la/id has been left for a year of ®two in 

-seeds and clover, it produces great crops of wheat and potatoes.” 

$ 

i 

102— Bonification In Egypt. 

180. In Egypt, “ bonification ” has taken the fortn of 
irrigation. A peculiar system of flood irrigation known as 
4t basin irrigation ” has been practised there from time 'im- 
memorial with Ah\? triple advantages of providing 'manure 
for the fields, moisture for the crops and immunity from 
malaria. Win wood Reade writes as follows of the Nile in 
ancient Egypt : — 

“ In the Winter and Spring, it rolls a languid stream through a 
dry and dusty plain. But in the Summer an extraordinary thing 
^happens The river grows troul led and swift, it turns as red as 
blood and then green ; it rises, it swells, till at length overflowing its 
banks it co\era file adjoining lands to the base of the hills on either 
side. The whole valley becomes a lake from which villages rise like 
islands, for they are built on artificial mounds. This « catastrophe 
was welcomed by the Egyptians with religious gratitude and noisy 
mirth ; when the fields had entirely disappeared, they thanked the 
gods and kept their harvest-home. The tax gatherers measured the 
water as if it 'vere grain and announced what the crops and the 
btidget of the next year would be. It was then also that white robed 
priests bearing the image of a god, and singing hymns, marched with 
iolemn procession to the water side and cast m a sacrifice of gold. 
For the water which had thus risen was their life. The bread of the 
people ... depended on the amount of the inundation. Th‘ey devised 
a system of dykes, reservoirs and lock canals by means of wdnch the 
excessive waters of a \iolent Nile were turned from the fields; thus 
also the precious fluid was conveyed to tracts of land lying above 
the level of the river and was distributed over the whole valley with 
such precision that each lot or farm received a just and equal share. 
Agriculture became a mathematical art ; it was ascertained that so 
many feet of water would yield so many quarters of corn ; and thus 
b'efore a single seed was sown, they could count up* the ‘harvest as 
correctly as if it had been already gathered in.” 

# 181. -l Regularity of flow ”, says j the Encyclopaedia Bri- 
tannica, ** is the first exceptional excellence of the river Nile. 
The second is hardly less valuable?, and, consist^ in the re- 
markable richness of the alluvium brought down the river 
year after year during the flood. The object of the engineer 
is to so utilize the flood water that ■as litile as possible of the * 
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alluvium may escape into the sea, and as much as possiSle 
may be deposited on the fields. It is the possession of these 
two properties that imparts to the Nile a value quite unique 
afaong rivers, and gives to the fawners of the Nile valley 
•advantages oyer those of any rain-watered land in the 
world.” 

10 J — 'Lnnl JNIInsp'a Aooounfc of Basin Irrigation. 

• 

182. Lord Milner, writing of the Nile in his well-knowu 
book on Egypt, says “The river is not only the irfigator, 
bdt the fertiliser of the soil. The reddish-bi-owu mud 
which the Blue Nile washes down from the volcanic plateaus 
of Abyssinia, mixed with organic matter from the swamp 
regions of the White Nile, does more than any manure 
can do for the annual* renovation of the land . . For 
thousands of years the agriculture of Egypt depended 
entirely upon the unaided action of the river. The valley 
was intersected by dykes, running at right angks to the 
Nile, and forming with the embankments of the latter, and 
with the rising desert land which bounds the valley on 
either side, a series of basins so contrived ag to regulate 
the course of the Hood and to compel it 4o deposit the rich 
master, with which it was charged. These basins were in 
a series of chains, each chain being fed by a separate canal 
from the river, and having a separate escape, by which the 
water, after doing its work. was let out into the rner again 
In some, but not in all cases, connnuuicat on was ako provided 
from the bottom basin of one chan to the top basin of the 
chain immediately below it. By these means, tl e water was* 
retained upon the land, which was generally floided for six 
o'- seven weeks, till it was covered with a thick coat of noli 
mud. On this mud, after the w r ater had run* off", the seed 
was cast, g.nd the husbandmay had nothing to do but to 
tend his crop and in the fulness of time to harvest it . . 
Cultivation cost little in labour and nothing in manure. The 
flood annually revived the soil and kept it perpetually in 
heart . . Colqpel Ross had constantly to keep in view 
two distinct objects, not always easily combined. * The *fir§t 
was to make sure that, every basin — and he ^ was. dealing 
with a hundred and twenty of them varying in size from 
five hundred to thirty-fiys» thousand acre^ — should, even 
in a year oMow Nilfe, be adequately flooded. The order was 
to give to every part of each basin, as far as possible, not 
merely water, -but water of the ‘ red ’ or fertilising quality. 
Whether the water life receives is “ red ” or white makes a 
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vital difference to the agriculturist of upper Egypt. The 
‘red’ water (I think we should call it brown) is that 
which has not yet deposited its precious mud, the annual 
regenerator of the soil. fFhe ‘ white ’ water is that whidh 
has already parted with its mud. Land inundated By, 
J red ’ water every year, for a sufficient, time, never deterior- 
ates. Land inundated only by ‘white’ water",rapidljr 
becomes exhausted. In traversing the .fields of upper 
Egypt, any obsdrvant traveller must be struck, by the 
Remarkable contrast often exhibited in the quality of the 
crops on adjoining lands where all the natural conditions 
appear at first sight to be identical. On enquiry, it always 
turns out, that where the crops are poor, it is due to some 
defect in the irrigation works, or perhaps to some insuper- 
able disadvantage of situation which has prevented these 
particular fields from being inun fated with ‘ red ’ water.” 

104— Th« Advantages of Bonification by irrigation in Egypt. 

C 

183. Egypt has j assed through many vicissitudes. On 
account of the extraordinary fertility of the countiy. ancient 
Egypt was known as the Granary of the World. ” At the 
time of thb Arab coriquest in the 7th century A.D., the whole 
country was cultivated, but between 700 A. D. and 1*800 
the population of 12,000,000 had dwindled to 2,000,000, and 
irrigation had beeu abandoned over the great part of the 
delta. Now-a-days. thanks to irrigation. Egypt is again 
prosperous and for hqr size is one of the richest agricultural 
countries in the world. Egyptian irrigation ”, states 
'Sir Hanbury Brown, is a subject which all must study 
who wish to understand the causes ot Egypt’s recovery 
from a state., of bankruptcy to wealth.” Although the 
reckless finance of Isiiiail Pasha raised the public indebted- 
ness to about £100,000,000 „in 1863, of which .only about 
£40,000,000 was spent on reproductive works, this ex- 
travagance has not stopped progress. The Egyptian debt 
now stands at £94,972,000, on which the aifnual charges 
are £ 3,490,325, and about £ 300.000 per snnuin is now 
devoted to* its reduction. But in spite of debt Egypt is 
very prosperous. The revenue of the Egyptian Government 
from all sources was £15,965,700 *in 1910 and the ex- 
penditure £14,414,500, leaving ‘ 9 . surplus of £1,551,200. 
The population of Egypt in* 1907 was '11,287.359 with a 
mean density of over 940 to the square mile. The rate of 
increase between 1897 and 1907 ;was 16'2 per cent. Sine# 
1907 the population h&s increased by a further 14 per pent. 
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The total Value of imports in 1910 was, over £ 23,553,000 
and that of exports £ 28,941 ,000. 

• 184, ^Excluding desert, Egypt js no larger than the Presi- 
dency^ Division, but the country now possesses nearly 3,000 
Tniles *of railway and 1,800 miles fit roads. Tn 1897, the rent 
on 4,55<\l8i acres was £ 16,356,000.^ The land tax amount-* 
ed to 28*64 percent, of the rent, and equals about £ 0*83 or 
Rs. 1^-8 per aCre in Upper Egypt and»£ *97 or Rs. 14-8 
in Lowfer Egypt, the average being £ *91 or about 
Rs. l£-8. The average rent of agricultural land is •£ 3-10 
or»Rs # 52-3 per acre, and the average selling value is 
about £ 50 or Rs. 750 an acre. The total cultivable area 
of Bgypt is 6,663,000 acres of which 5,351,000 are 
cultivated. There are three crops iif .the year. In 
the winler about 3,600,000 acres are under wheat, beans, 
barley and clover ; during the summer 2,183,000 acres are 
under cotton, millets and maize, sugarcane, idee and 
miscellaneous crops, and in the flood season 1,700,000 acres 
are cultivated with rice, millets and maize. Orchards and 
gardens cover another 80, 000 acres. The gross cropped area 
is thus 7,662,000 acres. Cotton is the must valuable non- 
food crop, 30 per cent, of the net cropped area and 20 per 
cent, of thp gross cropped area being devoted to it. The 
annual value of the cotton crop ranges from twenty to 
twenty-eight million pounds and averages about £ 2 per 
head of the population. 

185. All this has been rendered possible by the irriga- 
tion system which controls the Nile ancf regulates the supply 
of silt-laden water to the land. The value of the silt* 
deposited on an acre of land by Nile flo®d- water, when 
considered as manure at soluble commercial fertilizer 
rates, is, according to agricultural authorities, worth as 
much as £ 1-10. Land situated in basins which receive 
a full supply of red muddy flood-water fetches nearly twice 
the rent paid for land which gets no “ red water ”. In 1910, 
the recurring, expenditure on irrigation amounted to just 
about Re. i per head of the population. In the same year 
the Government expenditure on Police and Prisons V^s 
equal to about annas 15 per head ; expenditure on Justice 
about the same ; expenditure on Education was about; 
10J annas per head of tjie population ; expenditure on 
Public Health about 6J a’nnas per head ; and’expenditure on 
Communications other than railways, about 1 anna per head. 
JThe railways, . most of which belptag to the State, paid a 
surplus of £ 1,829,900. * In 1920, expenditure on Public 
Health was estimated at £ 720,425 or Rs. 1,08,06,375. which 
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is about 8*6 annas per bead of the population against Hie 
1*6 annas per head allowed in Bengal for both medical and 
sanitary purposes together. 

105— Malaria and Anopheles In Egypt. 

*• f 

186 The delta of the Nile has enjoyed almost hpmplete 
immunity from malaria for centuries, probably as a direct 
consequence of the irrigation system just described. 
^Strabo mentions in his Geography (written in the first 
century B. C.) that Alexandria although surroundei) with 
swamps was yet free of marsh fever. Forty years ago, 
Hirsch ascribed the immunity from malaria enjoyed by 
Egypt to the effects of the Nile inundations in the follow- 
ing words : — '■ , ^ 

“ When the water lb high and tho ground completely covered by 
it, the endemic or epidemic disappears, fresh cases of the disease 
appearing only after the watei has run off and the surface of the 
ground has been laid hare. Classical examples of t,his are furnished 
by the malarious regions periodically inundated on the banks of the 
Nile, Indus, Euphrates, Ganges, Senegal. Niger, Mississippi and other 
rivers, where the endemic always begins after the waters have begun 
to subside.” “ 

“ The primary effect of the submergence of land ”, says Deadnck, 
in his recent text-book on Malaria, “is to dimmish 'malaria. 'The 
effect upon malaria of inundations is almost yearly observed in the 
valleys of the Nile, of the Mississippi and of other large streams.” 

In the Annals of Tropical Medicine and Hygiene for 
November 1909, Da/ and Ferguson refer to the remarkable 
. freedom from malaria of Lower Egypt in the following 
words : — 

t 

“ The comparative rarity of malaria in Cairo may be gauged from 
the fact that not more ‘than one or two cases are seen at hospital in 
the course of a year.” 

* ». 

187. But like other delta areas, Egypt is potentially 
malarious. Dr. H. C. Ross points out that \n March 1907 
anti mosquito work was started at Heluan because malaria 
existed there. “ Anophelines had been taken and examina- 
tion of blood-films taken at random from native children 
j( demonstrate‘d benign parasites ; an examination which had 
been made previously by Dr. Qreyer of the Public Health 
Department . In September ‘1907, . Dr. Dveyer again 
examined blood-films from some children in Heluan and 
found that very few parasites could now be demonstrated.” 

«, | * 

Malaria exists,” say£ Dr. Ross , 44 but it is only of the mild tertian 
and quartan types. Following on some questions which were asked 
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ift the Hobse of Commons last year, a controversy arose in the PreJs Ira 
Egypt regarding the incidence of the disease. One paper said that it 
did not exist. Bat it does. On^y last summer an outbreak occurred 
%t Gheztreh,. and according to the # 8tatistical Report of the Public 
health Department for 1908, twenty-nine deaths occurred in Cairo 
alone from th<a disease. The Senior Medical Officer of the Egyptian 
Army r%po*rted all outbreak at 2??itoun and Abbassieh (suburbs *f 
. Cairo^on 3rd November 19C7. I have myself seen’cases of malaria, 
and have taken anophelines frequently, especially at Ghezireh." 

♦ 

1,88. These facts show that malarial infection ajid 
aiioi jieline carriers of the parasite are actually present in 
Egypt . The amount of malaria is, however, insignificant, 
shgwing that conditions are unfavourable to the spread of the 
disease. This conclusion is supported by the latest medi- 
cil statistics.. The following tahla which ife extracted from 
the Annual Report of the Egyptian Department of Public 
Health for the year 1919 shows the total number ol malaria 
cases (not deaths) reported from various parts of Egypt 
during that year : — 


Malaria 

oases In 

Egypt during 1919. 


Cams 

... 11 

Brought f 01 ward 

285 

Alexandria 

4 

1 Shar^iy a 

24 

Ismailia ... 

.. 21* 

1 Dakahhya 

3 

Port Said 

... 27 

1 Giza 

### , 

Da mi eta 

... 15 

Beni Suet 

2 

Suez 

... 149 

i Faijum 

28 

Eastern Province 

1 

Mirya ... 

18 

Belieira ... 

... 12 

Asyut ... 

11 

Ghav»l)iya 

.. lb 

Giija ... 

4 

Minufiya 

... 17 

Qena ... , 

5 

Galyabiya 

2 

! Asufcn 

i 

1.304 

Carried forwaid 

... 2n f > 

[ Tot il 

1,084 


189. Thb figures cited relate to cases of ..disease only 
not deaths. The bulk of the cases recorded occurred *far 
up the Nile valley, ’above the first cataract* in a strip of 
country on both sides of # the river extending for a distance 
of about ^65 milep and* inhabited ‘largely 'by Arabs. The 
comparative rarity of malaria, in the lower portion of the 
valley and .the delta proper, may be gauged by the fact 
that among the patients admitted^ for treatment at dis- 
pensaries and hospitals in Egypt only one per oent. were 



•cases of malaria. The fever indices of these dnQfensaries 
are given below : — 

Fever indloes mt Oi«p»n*«He» In lllpt. 



Per • 


Per 


Gent. 

* cent. 

Alexandria 9 

0-6 

QaJyabo 

24 

Si ez ... 

6-1 

Abbasnyaha 

0;9 

Port Said 

1-6 

Beni Suef 

• 0-4 

Danyeta 

4-7 

Faiyura 

V8 

Tanta 

15 

Mtnya 

V3 

Damahahir 

0-8 

Asyut 

0-5 

Mansura 

0-7 

bahag 

01 

Zdgazig 

06 

Quena 

0*7 

fJhibm 

09 

Isna 

0 3 

I. J. E. Co., Zagazig 

1-6 

Aswan 

31 

Berba 

0-9 



190. In spite of the small prevalence of maflaria 

in Egyj 


it is most significant of the remarkable prosperity of that 
country that, in 1919. the Egyptian Anti-malarial Com- 
mission had funds placed at their disposal amounting to no 
less than £21.000 (Egyptian) equal to nearly Rs. 3,23,000. 
Of this sum, £5,000 was devoted to Cairo and Ihe neigh- 
bouring district ; £1,739 to the Suez Canal Zone ; £10,161 to 
the other district headquarters; and £2,100 to the Oases. 
In addition to this, £1,000 was allotted for a survey of the 
mosquitoes of Egypt. 


106 — Anopheles Mosquitoes in Egypt. 

191. Like many parts of Eastern Bengal Egypt remains 
free of serious malaria in spite of the presence of anopheles 
mosquitoes. In a paper upon the mosquitoes in the neigh- 
bourhood of Cairo, published in the “ Annals of Tropical 
Medicine” (March 1910), Mr.* Willcocks, Entomologist to 
the Khedival Agricultural Society, states that : 

♦ <r 

“ Although Oellia phciroensis— a supposed malaria carrier — was 
very abundant in the autumn of 1908 in Ghazirah, yet, so far as the 
writer is aware, there were no cases of malaria reported among the 
inhabitants, although the latter are derived from many parts of 
Egypt and also include Europeans from llndia, the Southern Soudan, 
etc. One might reasonably expect, therefore, that some cases of 
malaria would occur among guch a population and that, in the pres- 
ence of abundance of supposed carriers (i.e„ pharotensis), an out- 
break of malaria would occur, but this was not so,” 
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192. 'The Nile reaches its lowest level in May and be- 
gins its seasonal rise in July; and the flood water begins 
to inundate the country in July^md reaches its maximum 
i% September. Thereafter the floods subside, falling below 
^he inundation level in a normal year in November. # 
Exoept ,tfs regards rainfall, conditions in Egypt are in* 
many tfays comparable to those existing in nfuch of Eastern 
Bengal at preseflt, where inundations prevent any consi- 
derable breeding of anopheles until late in the season, thus 
keepiitg the country free of malaria. A further oBserva* 
tion of Mr. Willcocks’ supports this view. He states : — 

“’JtTith regard to the question of the apparent rarity of malaria 
in the environs of Cairo, one fact must not be lost sight of, namely, 
that the mosquito invasion tik-s place Jate in thfe year and lasts a 
short time only.” ' * 

In the inundated portions of Bengal, it is a matter of 
common remark that mosquitoes are most frequent after 
the rains and in the dry season. During the dry season, 
cases of new infection arc rarely met with though relapses 
are common. Apparently anopheles rarely carry infection 
during the dry season. 


107.— Bonification in the Madras Deltas : Tanjore. 

3 

193. As in Egypt, so also in the Madras deltas, bomfica- , 
tion has been effected by irrigation works. The deltas of 
the Cauvari (Tanjore) and the Godavari in Madras have 
both passed through periods marked by agricultural decline, 
depopulation and epidemic malaria. They have both been 
restored to 'health and prosperity by the carrying out of 
immense irrigation schemes designed in each case by the 
same officer, the late Sir Arthur Cotton. R. E. In 1809. 
we learn th^t, the Cauvari delta was affected, with 
epidemic malaria. In 1827, that “ absolute ruin st&red 
Tanjore and the adjoining districts in the face.” In 1833’, 
that the need for \vid6-reaching works was exceptionally 
great, when Captain Arthur Cotton, R. E., was first sent to’ 
inspect the delta, whose p«pulatjon vfras neatly in a state of 
rebellion from neglect. In 1836, that “there was no pros- 
perity, when Captain Cotton conceived his plan. On the 
Contrary, the district was in a sffate of decay, the people 
spiritless and suffering.” Seventeen years later Colonel 

> 10 
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Baird Smith, himself one of the greatest irrigation 
engineers that India has seen, Remarked of the same area: 

“The permanent prosperity of Tanjore is without doubt to he 
attributed in a large measure to that first bold step taken by Colori^ 
Cotton in the construction of the upp9r Coleroon data.” 

. 

194. Altogether tliere are just over 1,000,000 acres of 
land under irrigation in the delta which haw long borne the 
reputat.on for being one of the most prosperous areas in the 
whole *of India In 1873, it was stated : « 

“ The Tanjore works have been the principal means of 'raising 

the condition of two and a quarter million people to such a state of 

wealth and prosperity as we may safely believe no district of £ndia 

ever attained beforo.” 

« 

In 1918 we learn that, among 589,726 out-patients 
admitted for treatment at dispensaries in the Tanjore 
district, only 11,237 or 1'9 per cent, were cases of malaria. 


108.— The Condition of the Godavari Delta in 1842. 

t 

« 

195. The case of the Godavari delta is f even more 
striking than that of Tanjore. In 1839, the district was in 
such a ruinous state and there had been such a fall in land 
revenue that tlio East India Company deputed Sir Henry 
Montgomery, Bart., of the Madras Civil Service, to make 
minute enquiries on the spot into the general condition of 
• the people. That officer found that much land had gone out 
of cultivation, largely owing to the neglect of irrigation in 
the delta. There were but 19,000 acres of the delta inq er- 
fectly and irregularly .watered from the river, and altogether 
69,000 acres wetted from all sources. The population had 
declined from 738,308 in 1821 to 561,041 in 18*42. Under 
normal circumstances, there should have been an increase 
of one per cent, per annum, therefore the decrease of popula- 
tion was really equivalent to a loss of over 300,000. The 
delta was then not only a very poor district but also “ a 
very feverish one.” On the recommendation of Sir Henry 
.Montgomery* Major (afterwards Sir) Arthur Cotton was sent 
to investigate the possibilities, of irrigation in the delta. 
He found that* the de'lta af the* Godavari included about 
1,700 square miles of country, of which 816,000 acres was 
cultivable, 272.000 aci*es being occupied by sandy tractf\, 
channels, roads, village 1- sites, etc. ; and he estimated that 
irrigation might be expected to increase the gross produce 
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of* this afea by no less than £ 1,200,000 per annum, laticl 
revenue being at the same time increased by £ 20,000. He 
proposed, including the adjoining Kistna delta in the scheme ■ 
jyso, whereby, a much larger areR than that stated above 
would enjoy equal benefit. “ If it be asked ”, he said, “ how 
is this gneal sum of money to be obtained ? ” the answer is* 
• simply by converting the water* of the. Godavari into 
money instead ®f letting it run into the se^i.” 

Iff6.» The requirements for an effective system of irriga- 
tion fer the Godavari delta were stated by Major Cotton- to 
bq : — • 


1st — The embankment of the rivers to secure the 
crops from destruction by the viver floods. 

2nd — Dams, with channels of irrigation leading from 
tho river to bring its water from the level of 
its bed to that of the surface of the land. 

3rd — Surplus channels, to lead off the floods caused by 
tho local rains from the flat lands to the sea. 

Itli — Raised roads and bridges, to allow of the convey- ' 
auce of pro luce to the markets and to the coast 
through a country which is otherwise, from its 
Mature, impassable in the rains 

He concluded his report with the following words : — 

“I have no doubt that a complete system of irrigation here -would 
Increase the produce of lands now cultivated by one half, and that, 
with greatly diminished labour, so that food could be produced at one, 
half the cost that it now is.” 


109.— Tha Original Aims of tha Godavari Project— 1 True 
* 11 Bonification.” 

.97. The Directors of the East India Company were 
greatly impressed with Major Cotton’s suggestions, as would 
appear from Mieiu letter agreeing to his proposals, vdiich 
contains the following passage : — 

“ The investigations of*Ma;jor Cotton, the Civil Engineer of th£ 

D ivision, as detailed in his ab\e and interesting report of the 17th 
pril 1845, <Jiave shojvn tkl # practi*ability of turning the waters of 
that river to the most profitable account by the construction of an 
anicut of such a height as to command tt^e whole of the delta of the 
fSodgtvari, and t6 supply to the rich alluvial soil of which that tract 
is compose!, the means of constant irrigation.” 


ou 
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* .At the same time, they summed up the benefits antici- 
pated from the project under the following heads : — 

(1) Laying the foundation for the complete irrigation?, 

for a rife crop, of the whole delta of the Godavari and, part- , 

Qf the Kistna, in all three thousand square miles, or nearly 

two millions of acres. . ' 

♦ * « 

(2) Providing for leading, out on the land, of every drop 

of water of the (jodavari. in the low freshes, and '•thus 
making juse of what is now totally lost. , 

(3) Opening the way for the conversion of the delta fropi 
a mere grain district to a sugar plantation. 

(4) Thus the produce of this tract, which at present 
probably does not exceed £300,000, would, when full 
advantage is taken of the water th\is distributed over it, be 
increased to at least £2,000.000. 

(o) This tract, which now pays with great difficulty 
about £220,000, would then, with great ease, pay £500.000 
or £600,000. _ * 

(6) A complete system of internal navigation, intersecting 
'the whole delta, would be established throughout the year. 

(7) Every village would be furnished with a stream of 
pure water for the people and cattle at all seasons. 

(8) The present estimate provides for the full irrigation 
of all the tracts at present partially irrigated by the prin- 
cipal channels of the Godavari. 

(9) It will give us at once the use of a large portion 
(about one-third) of the water of the low freshes during 
the whole summer, thus providing for sugar cultivation to 
the extent of about thirty thousand acres. 

(10) It will §ive a constant supply of water ►to those 

tracts which, .like Tanuku taluk, are situated near the 
present channels, but 'which receive no benefit from them 
at all. • » 

(11) It will put a famine in this or the neighbouring 
districts out of the range of probability. 

(12) It will provide immediately two or' three most 
important .lines of water communications »• from Rajab- 
nrund-y through the heart of the delta to the sea, avail- 
able at all seasons. 

* (13) It will have the important effect of showing to the 
people what can be done foj- them. At present they have 
no idea of the water being thrown mto the channels 
during the summer; and from the first moment fhat water 
is seen passing through ‘any villages .in the low freshes,' 
fcbe whole people of the delta will be awakened to its 
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gi^at capabilities, and will be prepared to welcome the 
opening of channels throughout the whole tract, and to 
extend the cultivation of sligar and other things wh ch 
aje at present limited by the want of water. 

(1*4) It may be estimated t<^ yield £ 10,000 or twenty 
per cei;t» on the outlay in the first year, ,and at least* 
£50,000 or cent, per cent, within* ten years. This is 
muchness than* the new works in Tanjore yielded under 
circumstances which did noi offer anything like the 
advantages that the state and capabilities of this district 
hold eut. 

(15) But it seems to us that the most important point 
of all, in the present state of this district, is its capabili- 
ties as a a sugar plantation ; and the afiigut will imme- 
diately provido for the most unlinfited extension of that 
culture. When this work is executed, there will not 
remain a single obstacle to this most valuable plant becom- 
ing the main product of this district. Water would be 
provided for lit least three thousand pooties,* producing, 
with the Indian cane, sugar of the value of £ 130 per 
pooty, and with Mauritius cane, if we are rightly infoiuned. 
double that sum, while grain pro luce is wor *th only £ 12 
per, pooty. 

110.— The Effeots of Bonification in the Godavari Delta. 

198. As regards the immensely beneficial results of 
the Godavari irrigation, there is no question. In 1902-03, 
the net return on the capital cost of the works was 18‘4 
per cent. t Population has vastly increased. *the agricultural 
production is enormous and the whole ai-ea^ now enjoys 
extraordinary prosperity. In 1879, it was calculated 
that goods of the value of upwards of £3,500,000 passed 
over its canals, while the value of the exports and imports 
of the district which, in 1847 beforo the construction of 
the anicut, amounted to £170,000, had risen in 1887 to 
upwards ®f jy. ,500,000. “Taking all things into con- 
sideration", says the Hon’ble Alfred Deakin speaking qf 
Godavari in his book on Indian Irrigation, “ it may be 
questioned if there is a* more beneficial or more profitable 
public work in the worlds* . Therq are thrpe hundred and 
seventy mites of main canal, of* which three hundred and 
thirty-nine are navigable and eight hundred and forty 

* • 

0 A p<>oty is 8 acres. 
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mfies o£ distributaries. The accumulated surplus is ov.er 
one million pounds, and the gross returns sixteen per 
cent, on capital. The net c-evenue for 1888-89 after 
deducting interest and alfrcharges is £82,269 and the n<?t 
profit 8‘66 per cent, upon the investment.” ( The parcel?-, 
tage of net revenue to capital outlay 24 years' latei;, in 1902 
was no less ' than 18*4 per cent. The increase' lp land 
revenue alone in 1898 amounted to a .250 per cent! 
increase over the total I’evenue from all sources in/1843- 
4(4. The figures for total revenue given in Wplch’s 
“ Godavari ” show that the increase in 1894-95 represent- 
ed a gain of no less than 400 per cent. 

199. The following extracts, from various books and 
re orts, dealing with the Godavari delta, serve to tlirow 
further light upon tlm change f effected by the irrigation 
project : — 

“ At one time it was brought into a state of extreme impoverish- 
ment and distress, Since the intro luction, however, of the admir- 
able system of irrigation, it has brightened and revived. The people 
are prosperous and contented. It is the garden of the great Northern 
Province. The revenue, instead of being reduced as it one 3 was to 
the verge of bankruptcy, is more elastic than it has ever been, its 
population has 1 more Jthan doubled, the material prosperity of its 
inhabitants is proved by their being better fed, better clothed and 
better educated than formerly, its commerce has flemished and its 
tra le has develope 1 in a marvellous degree. Roads have multiplie 1 ; 
the indigenous schools considerably improved and their number 
increased ; sanitation attended to ; tanks and wells dug even in 
remote places. The number of village &chools has so considerably 
increased that there are *aow four Deputy Inspectors and one Assis- 
tant Inspector for the whole District instead of one Inspector some 
7 or 8 years ago. There is besides an Inspecting School master 
for each taluk.” ♦ 

111.— The Effect of Godavari Irrigation on Malaria. 

200. Since the completion of the great* irrigation 
project in the delta of tlip Godavari, malaria has greatly 
declined and has now become almost a thing of the past. 
And the same result has been achieved in the neighbour- 
ing*delta .of the Kistna. where a similar irrigation project 
has been carried to completion with enormous benefit to 
the people. ^Europeans and Indians 4 alike bear witness to 
‘the extraordinary immunity from malaria now enjoyed by 
those residing un these 1 two/leltasy in spite of the fact that 
they live surrounded by rice cultivation, which often 
extends almost up to, the doors of the houses. This was 
not always a characteristic of tke.God/ivari della. On. tlift 
contrary, rhat area once bore an unenviable reputation owing 
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to the prevalence and severity of malaria. While tjie 
irrigation works were still in progress malaria epidemics 
occurred from time to time and attracted considerable 
attention. This was especially the case between 1869 and 
U573. In 1871, a special meaical officer was sent to 
"investigate .the outbreaks, which in some quarters had been 
ascribed to the influence of the irrigation works. A Govern-* 
anent Resolution of 1873 seems even to have accepted this 

view,, at least ill part, for it states that • 

• 

M T,he Governor iu Council cannot but feel convinced that tl^ 
dep'orable prevalance of fever in this district is mainly due to the 
cause, &S forcibly sketched by Mr. Foster and Mr. Stewart, the 
utterly inadequate means of drainage in a tract whose swampy 
natuije has been aggravated by the great system of irrigation works.” 


But this view was not supported by the medical 
evidence. The Sanitary Commissioner, for example, 
commenting in his report on the results of the enquiry 
carried out by Assistant Surgeon Wright in 1871. remarks 
that, ,l the results of five years’ registration demonstrates in 
a very clear manner that the intensity of the fever in any 
taluk has no relation to the extent o| irrigation of the 
lanfh” For our present purpose, these statements afford 
evidence th*at the Goiavari delta was undoubtedly very 
malarious at a period not so very remote. Further 
evidence on this point is also afforded by a statement that 
appeared in certain Calcutta papers in 1873 to the effect 
that ’* the Godavari district in Madrasns afflicted with fever 
of the same type which is decimating the fever tracts of, 
Midnapur, Burdwan, Ifooghly and other districts in 
Bengal.”* 

201. Tt was not long before the, beneficial effects of 
the irrigation works in reducing malaria began to be 
apparent. « The evidence giveit before the Public Works 
Committee by Colonel Fischer, r.e., is very clear ou this 
point and is worth quoting in full. 

Col. Fi,scfier, r.e. Public Works Committee. 1878 — 

• . . 

Q — Are they (the Godavari works) without any draw 

back in res^pect of unhealthiness or exhaustion 
of the soil or anything of that sort ? 

A . — There is «io exliaustibn of the soil ; the soil is 
fertilised from the river every year That is 
not the thing complained of by the people at 
all. 
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Q . — Have you observed any unhealthiness attending 
the irrigation system ? 

A. — We had a very unhealthy season indeed in 186$ 
from fever, but the doctors are of opinion that 
it was not due to the irrigation. The popula- 
tion has increased very largely &nd t the people 
have increased enormously in wealth and com- 
fort; 

Q . — On the whole you are of opinion that the b®*dth 
of the district, has not deteriorated ? 

As — I should think that the health of the district has 
considerably improved. 

Q. — Was the district an unhealthy one before? 

A. — It was a very feverish one and a very poor one. 

Q . — And yoh think there is less lever than there was 
previously?" 

A . — I believe so. 

202. Sir Arthur Cotton held the same views as Colonel 

Fischer. Writing of the Godavari delta in 1878, he said : 
“ while the delta has very little fever, the moment you 
go into the upper tracts you encounter it continually.” The 
improvement n the public health conditions, as regards 
malaria, has steadily continued. And now, ds we have 
seen, malaria is practically a thing of the past. The 
Gazetteer ol the Godavari district contains a statement 
in this connexion, which re-echoes the views ol Sir Arthur 
Cotton. “The fact « remains ”, it says, “that the delta 
taluks (unlike irrigated areas in some places in this Presi- 
dency, the valley of the Tungahhadra, for example) are 
not greatly subject to malaria, and aie. in fact, the part 
of the district in which it is least prevalent.” There is 
statistical evidence to prove that this is no fancy picture 
of the conditions relating to malaria. Reiererce to the 
Annual Report of the Dispensaries of the Madras Pre- 
sidency for 1918 shows that among a total of 449,615 
out-patients admitted for treatment at dis'penRaries in 
the.Godayari delta, only 24,954 or 5’5 pev cent, were 
suffering from malaria. This is in striking contrast to the 
records of fifty years ago when, as we have seen, malaria 
was so prevalent in the delta as to be made the subject of 
a special Resolution of Government. " 

203. Reference has been made to the Kistna 'delta which 
adjoins that of the Godavari and like it enjoys the benefits 
of irrigation. And as in 1 the Godavari delta so also in that 
of the Kistna, among the blessings bestowed by irrigation, 
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immunity from serious malaria is not the least At *im 
Simla Malaria Conference of 1909, the Hon’ble Mr. Weir, 
i.e.s., drew attention to the .fact that the Kistna delta was. 
free of * malaria in spite of estensive rice cultivation. 

, .Judging from the dispensary returns, the Kistna delta 
exhibits a. hfgher degree of immunity from malaria evetj 
than Gr<5 lavari. In 1918, among 363,10? out-patients 
treated at dispensaries in the Kistna delta* only 11,257 or 

3'1 per cent, were admitted for malaria. * 

6 


• 118— Some Existing SoHemes of Bonification In Bengal. 

204. Bengal is not without examples of bonification. 
Up to the present, however, most of the projects that have 
been carried out belongs to the drainage type and apply to 
relatively small areas. The first scheme of this nature to- 
be undertaken was to provide drainage for the Dankuni 
Jolah. a large swamp in the Hooghly district, with a view 
of benefiting lA>th health and agriculture. The scheme was 
completed in 1873. and it was then found that, although 
originally designed entirely for the drainage of the swamps, 
actually the irrigation of these swamps $vas often necessary. 
In practice, tho sluices have been used almost as frequently 
for irrigation as for drainage and in some years even more 
for letting in water than for letting it out. 

“ Experience has proved,” sajs Colonel Haig, R.E., writing of 
the Dankuni Jolah Project in 1878, “ not, merely that it is only in 
so far as irrigation can be combined with drainage that the full 
benefit of these schemes can be derived, but that for all practicat 
purposes the improvement is limited to the area foj which irrigation 
is available*” 


Colonel Haig’s statement is borne out by the figures 
quoted regarding the number bf days during the five years 
on which the sluices were opened for drainage and for 
irrigation respectively : — 

» 

Number of oVys on whloh Dankuni Sluloes were opened* 



Fo' draimge. 

For irrigation. 

• Rainfall, 

Jui e to October. 




Inches. 

1871> 

i 

* *• Ml 

15 

34 

1874 

III • • • 

13 

41 

1875 . ... 

8 

15 

34 

46 

1876 

8 1 

26 

1877 

4 

22 

38 
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, (205. ‘* The capacity of the sluices,” says Colonel Haig, 
*“ is in fact determined, not with reference to the requirement s 
of drainage at all, but to those of irrigation ; it must be such 
as experience shows to be pecessary to raise the level of th# 
water in the low grounds with the gradual growth of th^ 
plants, and this probably is in excess of what is required for ' 
drainage.” While there was no doubt at all about the success 
of the scheme fiom the point of view of agriculture, opinions 
have differed in regard to its effect upon health. “ It is to be 
noted ”, said the Drainage Committees of 1906 'of this 
scheme’ and very similar projects in the Howrah district, 
“ that these works were undertaken largely in the interest 
of land reclamation ”, and in the annual report of the 
Sanitary Commissioner for 1879. it was observed as regards 
the Dunkani project that, ‘‘ with regard to the fever we 
are in doubt as to the directly beneficial effect the scheme 
has had on the health of the people, though of its success 
as a drainage scheme and of the swamps having been 
converted into a highly cultivated area, there can be no 
doubt. There has been an improvement in* health every- 
where, and an examination of Mr. Adley’s report shows 
that there was no extraordinary sickness in or around this 
jhil in 1867 to 1869.” On comparing the mortality 
figures of the Chanditala and Singur thanas, , which are 
within the sphere of the scheme, with those if the re- 
mainder of the Hooghly district, the Drainage Committee 
remarked that “ these certainly show some advantages in 
favour of the former.” The figures quoted by them show 
that the mean of the hverage mortality rates for Chanditala 
and Singur thanas taken together for the periods 1890 to 
1899 and 1900 to 1906, respectively, were 29*9 and 29'7 
per 1,000 respectively, compared with 39*3 and' 38*9 pei 
1,000, the m5an death-rates of the other thanas of the 
Hooghly district during the same period. During the 
decade 1901 to 1911 the population of Chanditala and 
Singur thanas increased by 14*6 and 12*4 per cent., respect- 
ively. the density of population reaching 1,05$ per square 
mile in the former area and 1,553 in the latter. 

r 

i 

206. Th^ increase of population in the Hooghly district 
as a whole during the same period was only 3*9 per 
cent. Lt.-Col. # Fry, ,i.m.s., in 0i his second report op 
malaria, points out that Chanditala and Singur thanas 
are now singularly free of malaria, the spleen rate there 
being exceedingly low. ‘.The schemes in Howrah affect 61 
villages in Domjur thdna. This tkana' showed a 10*7 ‘per 
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ccjit. increase of population in the decade ending 1941, 
aui the mean density was found to be 2,212 persons to the 
square mile. The Magistrate of Howrah, writing of the 
Howrah and ilajapur schemes in 4898, remarks : — 

“•All the drainage schemes have proved of immense benefit in 
reclaiming waste swamps and improving the other lands. They 
were originally intended for the drainage of the swamps, buE 
ftiey ard now advantageously utilized in irrigating the lands, in years 
of drought and scanty rainfall, with fresh water, from the Hooghly 
rivei.’ f Mere recent evidence also supports this view. “These schemes,” 
says the Commissioner of the llurdwan Division In 1905, “ have 
proved^ very successful in reclaiming the extensive swampy lands west 
of*Howrah, and improving other lauds. The surplus water is drained 
out of the channels and sluices in years of heavy rainfall, while in 
year# of drought, water from the river is let in for cultivation and 
drinking purposes. The schemes ha\ e been of great benefit to the 
people of the neighbouring tracts, who cap reap a ^ood harvest in 
years of drought as well as in years of heavy rainfall.” 

207. As regards the recent result 5 ! of the schemes in 
Hooghly and Howrah, examination of f ho mortality figures 
for the five years prior to 1918 shows the following : — 



Av rage fever 
tinrta it> 

Average t 1 1 
m m >rtaliU 


rcr l.ljpO 

pei 1 OJl 

• 

191347. 

1913-17. 

Chanditala thana ... 

14-2 

25-6 

Singur thana ... . 

20-2 

2v0 

Hooghly district ... 

21m'. 

307 

Domjur thana 

10 2 

24 9 

Howrah district 

JO-2 

26 -S 


The period 1913-17 has been taken in order to avoid 
the inclusion of the influenza figures whi«Jh have vitiated 
the returns in 1918 and 1919. It will be §cen from the 
figures quoted that Chanditala thana ' continues to compare 
favourably as regards health with the remainder of the 
Hooghly district. The results in Singur thana are not so 
good. As regards the effect of the works in Howrah it 
must be rerfiembered that a portion only of the Domjur 
thana is ’affected by the schemes ; and Howrah district 
itself, with the exception of Jagathallavpur ttiana, is not 
very malarious. * 


1l3 t — The* Magr^hat Scheme.* 

208. An even larger scheme of drainage has 
•bepn carried out in recent years in the Magrahat 
thana of the Diamond Harbour’ subdivision of the 
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24-1?argana84 This scheme, which is knowrf as the 
Magrahat drainage scheme, affects an area of over 300 
'square miles. It was completed since 1909. Investigation 
has shown that the low-lying area included in the scheny? 
was not highly malarious t at the time of its incefftion,’ 
although certain higher areas adjoining have long been 
intensely unhealthy on account of malaria. Unfortunately, 
the carrying out nf the Magrahat drainage scheme has been 
followed by an immense increase of malaria as may be 
seen by the attached block which shows that a great rise 
has taken place in the fever index in recent years. - The 
Census of 1921 also disclosed ihe fact that- since 1911 
the population of the area chiefly affected by the scheme 
has ceased to expand, although other parts of the Diamond 
Harbour subdivision ha* T e shown a simultaneous increase 



of population. Had the drainage scheme really produced 
the improvement it was designed to effect, it is unconceiv- 
able that malaria should have increased and population 
should have ceased to exhibit a healthy growth. As will 
be seen below, other schemes of drainage have ‘proved to be 
equally unsuccessful and to have led to similar increases 
of malaria. A number of other schemes of a similar 
character ha<ve been carried out from time to time in the 
same part of the* 24-Parganas. Up to 1906, a total of 
205 square miles was -drained ia this way. Altogethev 
considerably over 600 square miles'’ have “now been 
provided with gravity drainage, regulated by sluices, 
which can be used if necessary for irrigation. The latesf 
project of this nature is that of the Manikhali khal area. 
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a Jtasin of about 16 square miles. Unfortuoately tblsS 
schemes have failed. It has been known for hundreds 
of years^that the draining, of swamps involves a grave 
risk of increasing malaria unlees the work is done so 
Jftorogghly that the land will either grow dry crops or 
at least be. fif for . pasture. On the other hand, ever* 
since Empedocles flooded the lowlands surro.uftding Selinos 
and in this way .made the city healthy, it has been known 
that swampy tracts may be freed from malaria by flushing 
them jrith an abundant supply of water. 


MALARIA INmSES^„imm 

MNimu scheme Waui^micim 


SPLEEN INDEX 
m m ’ 

AND 

nr* m mi 



ft*' ISM »»* 



SPLEEN INDEX 
IS S m W 

AND 

1 3+4 w 19H 


KUMARKHAU 

79 22 

RESULT Of 
FLOOD & 

FLUSH 

OR A IN AGE 

ON 

SPLEEN INDEX 


We now have definite pi oof of these .two facts in 
Bengal, as may be seen by the insertod blocks, above, which 
show the increase of malaria that has followed drainage 
in two separate localities and on the other hand, the great 
diminution of malaria that has occurred at Kumarkhali 
since the caifrying out of a small scheme for the purpose 
of flushing'out the drains, ditches and hollows in and a])out 
the town, with an abundant supply of water from the river* 


114 — A Warping Project. 

209. Mention must be made of a scheme ol another 
type, namely 11 warping ” or (Jolmata which has been 
attempted in the neighbourhood* of, Berhamnur in the 
Murshidabad district. This scheme appears to have been 
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designed with a view of silting up a large jhil, called the 
Bistopur Jhil, which once formed part of the bed of the 
* Bhagirathi. but was separated from it when that rivqy 
short-circuited the loop which now forms the jhil. Tfye 
original proposals were excellent as far as the silting tip of' 
the jhil was concerned, but they were considerably modi- 
fied before being carried into execution in 1909, with the 
result that it is net likely that they will ever achieve the 
purpose intended. Besides this, it is doubtful if*the end 
aimed 4t, viz., the silting up of a lake of deep clear water 
would result in any improvement in the health cf the 
locality. On the contrary, it is much more likely to render 
it unhealthy. Observations made a few. years bach on 
the prevalence. <3f malaria around the jhil showed that 
infection was far less pfevalent wkere the water was deep 
than near the portion where it has been made shallow by 
the silting operations. As it will take very many years 
before the character of the jhil can be changed from that 
of a fishery preserve to that of a rice field, and as during the 
intervening period the operations are much more likely to 
increase than to diminish malaria, this scheme does not 
deserve to be called a measure of bonification. 

IIS — Resuscitation of Dead Rivera. 

210. For many years there has been an insistent 
demand for measures to improve the silted up channels and 
resuscitate the dying^rivers and khals that are to be met 
•with throughout the decadent deltaic tracts. As far back 
as 1868, the Sanitary Commissioner remarked in his report 
that the history of Bengal in a sanitary p >int <of view is 
the history of its rivers and water-courses. Everywhere 
the cry is, restore the rivers, re-excavate the channels and 
open up thoir off-takes from the Ganges or other main 
stream, as the case may be. The dwellers in the delta 
tracts seem to know instinctively that their well-being 
depends upon the restoration of the rivei* system. In 
answer to< an appeal from the people asking that water 
which had been shut out by the construction of the Dainu- 
dar embankment, might be restored* to the old channels, 
the then Lieutenant-Governor, Sir George Campbell, 
acceded to thgir requbst and oiclerel the carrying out 
of arrangements by which water from tlio Damudar could 
be almitted into the Kana Nadi. Later on more permanent 
arrangements were rpad’e at the instance of Sir Asblejt 
Eden that led eventually to the construction of the Eden 
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Canal system, which now serves some 36 square miles in 
the Hooghly district. The letting in of flood water from 
the DaAudar into the Kana Jjladi and other decadent' 
ahannels had a remarkable effect in improving the health 
of the ai;eaS which they serred. 4 * The admission of 
Damudef water, ” says Dr. Coats,, the Sanitary Commis- 
sioner* “intbthe Kana Nadi in 1873-74* and 1875 was 
followed by an immediate and marked amelioration 
in health.” This view was corroborated by other ob- 
servers also. “The letting in of the Damudar *water*” 
w*rot£ Dr. Dutt of Serampur in 1879, “ was a most welcome 
relief and that, but for it, parts of the country would have 
I-eefi entirely depopulated ... It has been allowed to 
flow in 1878 and 1879. and the people say that the epidemic 
has disappeared since thelast two years. These facts leave 
no doubt that the letting in of the Damudar water into the 
Kana Nadi and through it into the khals, drains, tanks, ete. r 
in the interior pf the subdivision, has led to this improve- 
ment.” In a further report on the effect of the measure Dr. 
Coats specially recorded the great benefit derived from 
this flushing of the Kana Nadi. “ At a recent visit.” he says, 
“ I myself found only 2 per cent. of*the people suffering 
frofn enlarged spleen and anaemia. The pathshalas were 
full of healthy boys, not one of whom had splenic enlarge- 
ment, cultivation was going on actively and people were 
e ager to have increase 1 water-supply and drainage.” 


116— The Demand for Waterv 

21 1 . The demand for increased, Water-Supply is com- 
mon to every one >f the malarious deltaic areas. “ The 
prevalence* of fever, ” says the "Deputy Magistrate of Chua- 
danga in 1884, “ appeared to be due to deficient water- 
supply.” Aryl this remark only echoed the earlier report of 
the Nadia JTover Commission of 1881. which states : — 

“In fact, as ]3r. Sutherland observed in 1868, the district ii? be- 
coming more and more arid, tanks and other reservoirs of water dry 
up even before the hot season, tanks full to overflowAig in the rains 
rapidly dry up — facts which prove that there has been no increase 
or excess of moisture in the abil. The wry jungle, contrary to the 
assertions of Some natives we met, a I Dr. Lidderdale points out, is of 
a kind which prefers a dry to a damp habitat.” 

9 

212. More recently, Dabu Bhola Nath Banarji, Executive 
Engineer, in charge of the Special Drainage Division, who 
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lias been investigating conditions in Jessore, states in his 
report of September 1912 : — 

“ If you draw a line from pultia on the Ichamatty to Jfitker,'aciU 
on the Kabadak, the country lying to the north of this line may he 
generally taken as suffering from scarcity of goodtdrinking Water. 

. . . This is due to the silting of this pai't of the country by 
action of deltaic t rivers. . . . There are no big sized‘tanks in 
most of the villages, and people have to travel a long distance to the 
nearest river or bil for their supply of drinking water. It is report- 
ed that tanks in those parts do not hold water, bat dry ap with the 
subsidence of the rivers, and are consequently too expensive to be 
excavated below the subsoil water level. It will not be out ofr place 
if we note the fact that the tracts, away from the river and also places 
which complain of scarcity of water and where bila and pits dry up 
mnch earlier, are not free from malaria, as it ought to be, if damp- 
ness alone was the chase of malaria. Most of the Jhenida subdivision 
ani parts of the Magura suodivision, where people suffer from want 
of water and which are away from the big rivers and high lands, 
constitute the most malarious parts of the district.” 

The formation of the Special Drainage Division for the 
Presidency Division was the outcome of the recommenda- 
tions of the Drainage Committee of 1906. A large amount 
of survey work has been carried out by this division. Lord 
Carmichael during his incumbency as Governor took 
special interest in the investigation or malaria, but owing 
to the occurrence of the great war he was not able to see the 
maturing of any largo scheme for the amelioration of the 
disease. 


117 — Recant Activity In oonnexlon with Antl-malarlal 

Projects. , 

213. When His Excellency Lord Konaldshay assumed 
charge as Governor of Bengal, he at once turned., his atten- 
tion to the problem of malaria. As a result, a distinguished 
officer of the Irrigation Department was put on special duty 
for the express purpose of dealing with thirt question in 
collaboration with the Sanitary Department. Within a 
comparatively short period many proposals were in- 
vestigated and a considerable number actually canned 
into operation. These various schemes comprised both 
drainage projects and seherpps for the restoration of decad- 
ent rivers. Among the former were the Manikhali basin 
project, previously mentioned, the Arool Bil project, the 
Ampta drainage proje9t, ‘the Baragachi^ project, the Chaprd 
Bil project ; and among the latter were the re-excavation of 
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the Sarasvvati channel, the improvement of the Jamuna 
rfter, the improvement of the $awai and Sunthai rivers 
and the Bhairab river project. Besides this, four special 
experimental anti-malarial * schemes, already mentioned ' 
etsewhere, have been carried to fruition during the past four 
*years. Of these four schemes, ene may be claimed as an, 
example Pn a sinairscale of the principles of bonification, 
since agricultural improvement has been Secured at the 
same .time and by the same means that are being employed 
for the ''amelioration of malaria. This small scheme, the 
Bankli valley scheme ”, depends upon partial flood irrigation 
controlled by sluices and regulators from the Banka river, an 
off-shoot of the Damudar. From four to six square miles of 
couiftry are affected. As previously recorded, in paragraph 
158 of this report, the project when only paotially complete 
was responsible for the* saving of’ the crops in the area 
served, which would otherwise have been destroyed by 
floods. Particulars as to the effect upon health during 
1923 have just been received, and show that the spleen 
index has decreased in 7 out of 11 villages and the malaria 
death-rate has also shown a decline. 

214. In spite, however, of the greatly increased activity 
of the past four years, only the fringe of the malaria problem 
has* as yet, been touched. As this report will show, evi- 
dence has been accumulating which points to the necessity 
of approaching the whole question of the amelioration of 
malaria in the delta tracts from a much broader stand- 
point than has yet been adopted ; and which suggests that 
we must look to large irtigation projecls and the increased 
supply as well as the regulation of surface water for the* 
final solution of the problem of Bengal malaria. Meanwhile, 
the work so far accomplished has served a useful purpose, 
and has been of the greatest value because it has proved 
that ordinary drainage schemes, are harmful and that what 
is required is more abundant water and the restoration of 
flood, and rather than the drying up of the country. Quite 
apart also from what has actually been achieved, the data 
that has beer^ collected will prove of immense service 
later on in the preparation of the irrigation projects 
that will have to be, undertaken. All projects of this 
kind require the most* careful preparation necessitating a 
detailed survey of the area,3 to be deg.lt with fc The records 
in connection with* the work jflready accomplished will, it 
is hoped, supply much of the necessary information and 
thus shorten -very materially the^ei’iod required for the 
preparation of new pfojecfs. 
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118— Tha contrast between the Madras and the Bengal 

Deltas. 

215. In spite of whtt has been already dofte in the 
way of bonification, the malaria-stricken deltas in Bengal 
.exhibit a sad contrast to the irrigated deltas of the 
Godavari, the Kistna and the Cauvari in Madrag. The 
fever index of Western Bengal is 10 times, as high as that 
of Godavari, 18 tunes that of Kistna and 29 times that of 
Tan j ore ; the fever index of Central Bengal is 8 times 
that of Godavari, 14 times that of Kistna, and 23 times 
that of Tanjore ; the fever index of Northern Bengal is 5 
times that of Godavari, 10 times that of Kistna and 15 times 
that of Tanjore : and even Eastern Bengal which is the 
healthiest part’ of Bengal has a fever index more than 2§- 
times higher than that of Golavan, 4 times ’that of Kistna 
and 6 times that of Tanjore. “ These fevers are actually 
owing to want of irrigation works said Sir Arthur Cotton 
over forty years ago, of the epidemic malaria then raging 
in Halishahar and other parts of Bengal. And in view of 
many of the facts that have now been brought forward, one 
is constrained to accept his view that if the waters were 
regulated, the country properly drained, and streams of 
fresh river water were flowing through exery village 
throughout the year, the fever would be almost, entirely 
subdued as it is in Godavari and Tanjore.” The possibili- 
ties of applying bonification by irrigation for the purpose 
of ameliorating the .malaria of the deltaic areas in Bengal 
will be considered in a later chapter. And before discussing 
this question, an attempt must be made to explain the 
manner in which the principles of bonification can be 
utilized for the suppression of malaria. This is the more 
necessary because the special form of bonification proposed 
for Bengal is irrigation ; and as is well-known, there is a 
widely current opinion that far from reducing malaria* 
irrigation has often proved to be a very serious factor in 
the spread of the disease. 


119— How Bonlfloatlon Influences Malaria. 

216. Bonification ‘causes a reduction of malaria by the 
interaction of the following factors : — 

(1) Reduction iq the numbers of the local an ophe- 
line carriers of malaria. r 
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2), Increase in the number of the local hunftrf 
population. 

.3) Increase in the prosperity of the local human 
population. 

• 

At the moment il is unnecessary jo discuss the relative 
hnportrfnce of these throe factors, and it is ‘doubtful if the 
data available i£ sufficient to enable us to Come to a decision 
on this c point. All that need be stated for our present* 
purpose is that there are grounds for believing that each of 
the tld’ee factors named exerts a fa voidable influence upon 
malaria ; and that, when these favourable influences are 
all aftting together, the cumulative effect upon malaria iB 
so great -as to cause a very marked reduction in the 
prevalence of the disease.* 


120— Effect »of Reduotlon of Anopheles on Malaria 
Prevalence. 

217. It is now universally admitted that a reduction in 
the .number of anophelino carriers of malaria reduces the 
spread of m&larial infection. Ross has pointed out that a 
complete reduction of anopheles is not essential to the 
eradication of malaria. “Malaria ”, he says, “ may be com- 
pletely reduced even by a partial reduction of the anoplie- 
lines below the necessary limit (which J have roughly 
estimated to be about 40 different anophelines per head, 
per month) and it may be ) artially reduced even by a 
smaller reduction of the insects.” 

218. Let us try and get a clearer idea of what this 
proposition may actually mean in practice. Accepting 
certain of Ross’s mathematical aSsumj tions for this purpose, 
let us assume that we have to deal with a square mile of 
malarious country inhabited by 1,000 people, both the human 
and the ano,?lieline population being evenly distributed 
throughout the area. What would be the effect of per- 
manently reducing the number, or in other words the 1 ‘elative 
density, of the anopheles mosquitoes ? The reduction 
might conceivably bo effected either by obliterating the 
breeding traces or by 'keeping & permanent staff at 
work destroying t*heir larvae, as was done in Panama. 
Suppose the initial infection rate, is very high, so that 
999 .out of the 1,000 people are infftctqd with malaria. In 
this case, even very thorough anti-mosquito measures will 

11 A 



15B 


fail to effect an appreciable reduction in the number^ of 
malarial infections, as the following figures will show : — 


Seduction of malarial infections in population •of 1.000 
following reductions *in the proportions of anopheles 

mosquitoes. 


Origin'll number 

* e 

Number of 

Number of 

Number of 

• 

K*] tuber of * 

of malaria 

infections after 

infections aftor 

infectious after 

infections aft w r 

infections in 1,000 

ano\ heles are 

anopheles are 

anopbeleS are 

anopheles are 

people in 1 square 

reduced by 

reduced by 

reduced by 

reduced by 

mile. 

23 per cent. 

50 per cent 

73 per cent. 

per ceuv 

999 

998 

998 

996 

990 

990 

986 

980 

960 

900 


Now, while it is often an easy matter to reduce anophe- 
les by 25 per cent., and not very difficult to diminish them 
by 5) par cent., a 75 per cent, reduction is not so easily 
effected, and to reduce them by 90 per cent, means very ' 
careful and thorough work indeed. But thp figures given 
show that even a 90 per cmt. i eduction of anopheles 
would not necessarily produce any appreciable effect upon 
the prevalence of malaria in severely infected areas. The 
term “ appreciable ” is used advisably, because existing 
methods of measuring the malarial infection rates of a 
community are at present inadequate for clearly demonstra- 
ting such small differences in actual infection rates as 
those between 99’9 and 99'0 per cent, or even between 
99 per cent, and 90, per cent. But there is another reason 
why even a 90 per cent, re luction of the anopheles breed- 
ing within one square mile cannot possibly produce much 
effect upon malaria, if the initial amount of infection is 
very groat ; and this is the effect of migration of anopheles 
from outside the seated area. In regions of intense 
malaria, it is not enough , merely to abolish all breeding 
places within a square mile if we wish to protect the 
peoplo dwelling within that area. 

219. Professorb Karl Pearson and Dr. Blakcman have 
made some exact estimate h in this connexion on data 
supplied by Sir Ronald Ross ; and their conclusions respect- 
ing the density of the anopheline population in one square 
mile of country, surrounded by a?eas in which anopheles 
mosquitoes g.re breeding (buv, ,as far as the one square 
mile itself is concerned, absolutely storile of breeding places), 
are briefly as follows : — 

“ In a sterile square mile the dpnsity Should be 50 pier 
cent, Hi the boundary, 11 per cent, half way to the centre 
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anti 2 per cent, at the centre.” Now 2 per cent, ol 40,000 
and 4,000, the numbers of anopheles per head required to , 
produce. Infection rates of 99'9 §nd 99‘0 per cent., respeC- 
twelfy is 800 and 80. respectively ; and 11 per cent, is 
*4,400 and 440. rested ively. S» rhat. even if we abolished, 
all anopjibles breeding places within our one square mile, 
raijratibn from without would still supply enough anopheles 
to keep the lafe of infection at over 9? per cent. J mile 
from th? boundary and 95 per cent, at the exact # centr£ 
in the one case, and 91 per cent, at £ m il e from the 
botindhry and 60 per cont. at the centre in the other. 
In the circumstances stated, therefore, although very 
thorflugh and expensive measures may be adopted, they 
may appear in practice to he absolute failures. And this 
explains why qflite a number ol schemes, in very malarious 
parts of India, have been looked upon as failures. Now let 
us now glance for a moment at the other side of the 
picture. Suppose that, instead of having 999 or 990 
infected persons among the 1,000 in our square mile, only 
500 are infected at the beginning, what will be the final 
result of anti-mosquito measures producing similar reduc- 
tions, viz., 25 per cent., 50 per cent..* 75 per cent, and 
90 per cent, in the proportions of anophelino mosquitoes 
present ? 


Reduction of malarial infections in a population of 1.000 in“ 
one square mile following upon a permanent reduction m> 
the proportions of anopheles mosquitoes present. 


Original number ol 
infections • 

Number of 
infectious after 
anopheles are 
reduced by 26 per 
cent. 

Number of 
infectious after 
anopheles a«e 
reduced by oO per 
| cent. 

ifumb r of 
infections after > 
anopheles arc 
re iuced by 76 per 
cent 

Number of 
infections after 
anopheles are 
reduced by 90 \ er 
cent 

500 

* 333 

0 

0 

0 

• 

_ _ ft 

t 
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220. In these circumstances, we see that.'a very subs- 
tantial fall in the number of malarial infections would follow 
a* relatively. small leducfion of* anopheles irfosquitoes, viz., 
25 per cent., and ;that the disease would tend to die out 
completely if the anopheles mosquitoes are reduced by only 
one-dialf. When the initial rate of infection among our 1,000 
people is lower than 50 per cent., the results would be even 


leo 

moro .successful and dramatic, as may be seen by the 
figures given below : — 

Reduction of malarial infection rate in a population of 1,000 
following upon reduction of anopheles. 


' Original number ol infectious in 

population of 1*000. t 

f Final number of infecti ns i eraaiuing kf ter permanent 

reduction of anopheles by 26 per cetif 

200 j 

i • . 

! 0 


b 

• This explains the success of the measures at Ismailia. 

221. These conceptions are very interesting apd also 
very important both when considering the application ^of 
anti-mosquito measures in practice and for understanding the 
manner in which bonification can bring about a reduction 
of malaria. In the first case, they enable us to grasp the 
fact that anti-mosquito measures have their limitation ; 
that in certain places they can be applied with the 
certainty of producing excellent results, whereas in other 
circumstances they may appear practically ueeless ; and in 
the second case, they help to explain how irrigation and 
other measures of bonification that, although primarily 
aimed at improving agriculture, may also reduce the breed- 
ing of anophelos to a considerable extent, will be able to 
produce a great diminution of malaria. The table below 
shows the possible results of mosquito reduction in areas 
with different initial rates of infecti m . — 


Reduction of malarial infections in a population of 1,000 
following a re luction in the number of anopheles 
mosquitoes. t 


Original ratio of 
malarial infections 
per 1,000 

If umber of infec- 
tions final] v rev 
maining after 
anopheles are 
reduced by 

25 per cent 

Number of infec- 
tions finally le* 
maining after 
anopheles are 
reduced by 

50 per cent. 

Number of inft-c 
tions finally re- 
maining after 
anopheles ars 
reduced by 

7o per eont 

umbel of infec- 
tions fiuftlly re- 
maining aftei 
anopheles are 
% reduced by 

90 per cent 
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998 

998 
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986 
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i 

— & 

^ J 
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. * Io this cafe, the migration factor will keep the la faction ratio fct tbe boundary at 80 per cent* and 
mny 80 per cent, | mile from the boundary. 
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121.— Effect of Inoi'ease of Human Population on Malaria* 

* 222. • Every one may not, at first sight be prepared to 1 
a dmit that an increase of population can by itself have 
•any effect upqji malaria. But tjiis question has also been 
eonsider$d*by Sir •Ronald Ross, who has expressed his' 
yiews in the following woids : — • 

“ Suppose thfrt in a locality the mosquito «population remains 
the same* but that the human population varies ; what will be thp 
effect of this variation on the malaria ratio ? By the static formula* 0 
M=1 - 40 A ; but A is the number of anophelines, not in unit of 
spftce, but per unit of human population. If, therefore, the latter is 
doubled while the total mosquito population remains constant, A 
will he halved ; and so on. Thus the static malaria ratio tends to 
decrease with increase of the density of the •human population. 
That is, other things being # equal and the anopiielines being sup- 
posed to breed equally everywhere, the malaria ratio should be 
higher amongst a scattered rural population than in a dense urban 
one, because, evidently the number of anophelines per person will 
be less in the latter ” 

* It may hajfpen that when the human population begins to 
increase the local breeding surface is already yielding its maximum 
output of mosquitoes In this case the increase of the human 
population should cause a decrease in the static malaria ratio.”* 

• 

4J23. Lpt its assume once more that we have a square 
mile of malarious country in which there are 1,000 people and 
that both the human and anopheles populations are evenly 
distributed, what would be the effect on the prevalence of 
malaria of introducing a number of other individuals and 
thus increasing the human population ? We may assume 
for our purpose, using Ross’s invaluable mathematical* 
assumptions once more, that the anopheles mosquito 
population* would be as follows, for each of the different 
ratios of malaria prevalence : — • 
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number of 
anopheles 
per head. 

8 

• 

Total number 
of anopheles 
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• Xny reader, jrho wishes to pursue this subject, must refer to Row’s Prevention of Malaria, 1910 (John 
HtW). 
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224. If anything happens to bring about an increase of 
the human population in our square mile of malarious country, 
while t lie anopheles population temains unchanged, the 
proportion of anopheles per head of the human population 
would obviously be reduced. On the basis t ol Ross’s 
assumption, this reduction in the number ol anopheles 
available per head, w'ould be followed by a reduction in the 
ratio of malarial infections. < A careful distinction must be 
made between the ratio of infections and the total number 
of infections. Doubling the population of a place, that is 
intensely malarious, may actually increase the total number 
of infections while reducing the ratio of infections. For 
example, if in our square mile 999 of 1,000 persons are 
infected the mere raising of the density of the human 
population to 2,000 would tend to'increase the number of 
infections to a, total of <i 1,996 wRile the ratio of infections 
would fall by 0'1 percent. Similarly, \vhen 9l>0 out of the 
original 1,000 were infected, doubling the density of the 
human population would reduce t the ratio of infection^ by 
1 per cent., while the actual number of infections would 
tend to rise from 990 in 1,000 to 1,960 in 2,000. But in lesft 
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malarious conditions, the results of an increase of popula- 
tion would be far more favourable. For example, if only 
600 of the 1,000 people in o^r one square mile were 
oelginaljy infecte 1, by increasing the density of the human 
population ,to* 2,000 not only would the ratio of infections 
eventu^Fy fall from 60 to 20 per cent., but the tolaf 
fnalarUll infections would tend to jfall also* to 400, which 
would mean a Secline of 200. If only 560 of our original 
1,0Q0 % people were infected even better results would follow 
the increase in density of the population. In tlfis ca§e 
doubling the human population might so reduce the chances 
of infection that malaria would tend to become progressively 
less* and less and eventually die out completely. These 
conceptions help us to understand what *h#pi ens when a 
new and prosperous indifwtry is established in a malarious 
area. It is a matter of common observation that in these 
circumstances malaria often diminishes though no special 
measures are t taken against the disease. The result is 
often so marked that people imagine that some beneficient 
change has occurred in the climate, and in the old days 
they ascribed this change to some quality in the air or the 
water of the locality. Changes of this «kind have occurred 
in* the case of many of the riparian municipalities near 
Calcutta since the jute mills and other industries were 
established there. Many of these towns became intensely 
malarious after the construction of the railway and the 
decay of their local industries. The effect of this latter cause 
in increasing malaria is important, and was first pointed out 
by Rai Bahadur Dr. Gopal Chandra Chattarji. But just 
as the de§ay of one industry may increase malaria, so also 
the rise in importance of another industry may play its 
part in reducing malaria. The case of Naiha*ti and Kanch- 
rapara are good examples and, afford striking contrasts to 
Halishahar, which adjoins them. Naihati and Kanchrapai-a 
are progressive on account of the local jute mills and ihe 
Railway Workshops, respectively and are now healthy and 
free from»seripus malaria ; while Halishahar is decadent and 
intensely malarious. Of course, the improvement that hps 
occurred in Naihati and Kanchrapara is largely due to the 
money that has been Spent on bett er housing and sanitation 
generally. But hei'e again the influence of the prosperity 
factor may be pefceivea, for bbth t ne towns mentioned can 
afford to improve their condition because they are 
^prosperous and progressive ; Halishahar, on the other hand, 
has no money to Ho anything and unless her economic 
condition changes and something happens to attract and 
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keep population there, no reduction of malaria is probable. 
Recently the case of Fanihati aroused some interest owing 
'to the fact that exception was taken to the establishment 
of certain indust i-ies there. Those who opposed this 
change did not of course realise that the establishment of 
industries that would bring prosperity' to Pamhatj would 
help very greatly to diminish malaria, and might reasonably 
be claimed as an* anti-malarial measure. From this latter 
point of view, the industrial development of the province 
ahd the establishment of new and promising industries 
may be considered as admirable measures for the ameliora- 
tion of malaria. 

225. The converse holds true also. The decline 
of once prosperous in lustries may result in . a great 
increase of malaria. Ifi parts of" Bengal where the silk 
industry is undergoing decline, this factor of industrial 
decay may be seen in operation. The author has visited 
village communities in both Birbhum and Murshidabad 
districts where the closing of silk filatures has undoubtedly 
% led to outbreaks of epidemic malaria among the local 
population. .Of course, malarial infection was already 
present among the people but the economic sti-ess resulting 
from the closing down of the industry on which mpny of them 
depended for their livelihood precipitated an epidemic of 
malaria among them which killed many people. Cultivators 
weie affected as well as the actual mill employees 
because many of the former class depended for a large 
part of their income* on the supply of the mulberry leaves 
required by the silk worms. The cases that have been 
mentioned sug^fst the possibility of using, as a dank 
attack on malaria, many measures as yet undreamed of by 
the ordinary sanitarian. For example, an import duty on 
silk, which would have the effect of restoring the silk 
in lustry to its former once flourishing condition would lead 
to an increase in the prosperity and the numbers of the 
local population in the old silk producing aregs and might 
thus with good reason be claimed as a valuable measure 
of, relief for the malaria from which these areas have long 
been suffering. The establishment of important industries 
may have a very marked effect upon* malaria wherever the 
initial infection rate is below 50 or 60 per cent. In places 
that are more malarious than this* it must be remembered 
that any increase in population is likely at first to cause 
an actual increase in the* number of malarial infections, and^ 
that unless the population can be tripled or quadrupled 
very rapidly the economic loss through sickness may easily 
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cause thfe abandonment of the looality as the site of a new 
industry. The table below summarises the results that 
jjiay be expected to follow tfhen the original 1,000 people* 
in our hypothetical square mile*is increased to 2,0d0, thus 
ooubling the density of the population. 


Elfeot oft inorease of Population ojt Malaria in 
• one square mile. 


W 

Initial infection 
rat' per 1,000. 

Total lufeotiona 
In 1,000. 

Ratio of infections i 
tending to occur 
after population 
is increased 
to 2.000* 

Total infections in 
2,000 finally. 

Increase or 
decrease 
of 

infections. 

» 

Per cent. 


•Percent. * 
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99-9 

999 

99-8 

1,996 

+ 995 

99-0 

990 

98-0 

1,960 

+ 950 

90-0 

900 

80-0 

1,600 

+ 700 

80-0 

800 

60-0 

1,200 

+ 400 

700 

700 

40-0 

800 

T 100 

60-0 

600 

20'0 

400 

-200 

50*0 

500 

o-o 

0 

- 500 

40-0 

400 

o-o 

0 

-400 

30-0 * 

300 

o-o ! 

0 

1 - 300 

20-0 

200 

0*0 

0 

1 

-200 


It will be seen that the critical point is reached at an 
infection rate of 60 per cent. Above that any increase of 
population increases the total number of infections while at’ 
this figure itself and below it, any increase of population 
diminishes malaria. 


183— The Effect on Malaria of Reduction of Anopheles 
and a Simultaneous Inorease of population. 

226. It. lias been shown that the reduction of anophe- 
lines will in * certain circumstances greatly lessen • the 
prevalence of malaria and that the increase of population 
may have a similar ekect. This being so, a Very marked 
reduction of malaria max b® expected when both these 
factors are i in operation’ simulkanedusly. Here again we 
are greatly indebted to Ross for a most hopeful and pro- 
mising conception. According to* him, “if the. mosquito 
population diminishes as* the hunEan* population increases, 
the malaria ratio should fall greatly.” 
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* 227. When 60 per cent, of the population of ou ^hypothe- 
tical square mile is Infected with malaria, diminishing the 
Anopheles mosquitoes by one ‘half reduces the ’ratio o£ 
infections to 20 per cent. If, however, this diminution of 
anopheles is accompanied fey an increase ofe 25 per ‘cent, 
in the human population, the malaria ratio will tencj to fall 
to zero, and malaria will gradually die out. This 'is the 
sort of favourable result to be anticipated ' from bonifica- 
tion projects. The final elimination of malaria will, hpw- 
eier, take some years to accomplish, and it can be greatly 
hastened by the proper use of specific anti-ma’iarial 
measures. These measures will be specially called for to 
expel malaria finally from areas in which the disease may 
continue to linget in spile of a marked diminution. For 
example, if the initial ihfection rave of an area was 80 per 
cent., the effect of reducing the anopheles by 50 per cent, 
and simultaneously doubling the human population vrould 
cause the malaria ratio to fall to 20 per cent. We should 
still have 400 infections to deal with among our 2,000 
population in place of the original 800 cases of infection. 
A further permanent reduction of anopheles by 25 per cent, 
would in these circramstances cause malaria eventually to 
die out. Measures of bonification can be designed « to 
reduce anopheles and cause a simultaneous increase in 
agricultural production, thus stimulating the growth of 
human population. Even if malaria is not entirely abo- 
lished by this measure, malaria will decline very greatly, 
and there will come li time when direct measures of anti- 
malarial sanitation, either by quinine treatment or anti- 
mosquito methods, can be applied with absolute certainty 
of success. Malthus pointed out many years ago that, in 
favourable circumstances, a population will increase by as 
much as 25 per cent, in 10 years. We have examples 
also in Bengal, where a population has actually increased 
by as much as 50 and even 80 per cent., within a decade, 
and in prosperous deltaic areas, such as Egypt, increases 
of 15 or 16 per cent, in 10 years are quite common. After 
tfre ‘irrigation system was introduced, the populations of 
Tanjore and Godavari doubled themselves within a short 
period. This being so, the factor ‘of population must be 
carefully considered when dealing with the question of 
malaria in Bengal. if onete we can check the decline of 
population in the present decadent areas and can establish 
in place of it a healthy ‘increase of 1*0 to 1*5 per cent, pef 
annum, our great flaftk ‘attack on mdaria will have Suc- 
ceeded ; and we can then rest assured that malaria is 
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beginning to retreat, and will finally be driven from »the 
country. 

iaa.— Effect of inoraated Prosperity on Malaria. 

• 

- ^28. As regards the influence of the third factor, no 

one will dispute ^he good effect that increased prosperity 
excrtsdfi reducing both the prevalence and the evil results 
*of malaria. Increase the prosperity of a* community and 
at once you enable both the individual members and the 
community, as a whole, to take more efficient action against 
malaria. The resistance of the individual to disease is 
greatly strengthened by good and ample food, better 
clothing and improved shelter ; remedies such as quinine 
can bi used in adequate amount by a prosperous population 
who call also afford to employ skilled* doctors. Special 
personal preventive measures, such as the uae of mosquito 
nets, also become possible ; and profiting by the education 
which is now within their reach, the members of a 
prosperous community can adopt measures for improving 
the sanitary condition of their villages in a manner which 
poverty had previously placed absolutely beyond their, 
reach. 

T24. — Boijlfloatlon diminish as Anopheles and Increases 
Population and Prosperity. 

229. The manner in which bonification diminishes 
anopheles and leads to an increase both of population and 
prosperity must now briefly be considered. In the opening 
portion of this chapter (paragraph 166). it was shown tliqt 
bonification consists in : — 

(1 j the regulation of all surface waters. 

(2) the improvement of the fertility of *the soil, 

(3) the cultivation of those classes of crops best suited 
• to the local conditions, and 

(4) the promotion both of the increase and the pros-, 

perity of the resident agricultural population. 

What is 4 he action of those various factors^likely^to be 
on aiiopheles mo'quitoos, on the density of the human 
population and the prosperity of that population respec- 
tively? The regulation of surface waters is likely to have 
•a two-fold effect ; it tgifds both to reducp the breeding of 
anopheles* and t<5 stimulate cultivation, and it may there- 
fore influouce malaria in two different directions, firstly, by 
f its effect upon the insect carder and secondly, by its 
influence on the human’ host. 
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*28 0. Soil fertility can be improved in many ways , 

(а) by irrigation, 

(б) by silt deposit, ( 

(c) by sub-soil drainage, 

( d ) by the use of manures, and 

(e) by improved methods of tillage, 'etc. 

« - • 

Certain of these methods of increasing fertility i have 
also a two-fold influence upon malaria. Irrigation may 
either diminish or increase the breeding of anopheles. 
Basin irrigation and the system of flush irrigation employed 
in the Madras deltas are both probably unfavourable to 
anopheles. But the system of perennial irrigation adopted 
in many areas,, where rabi crops are of importance, neces- 
sitates vast numbers of canals and distributary channels 
which hold up rain-water in the monsoon and probably 
lead to an enormous multiplication of anopheles. 

231. The offect of silt-laden water is almost wholly 
beneficial. Silt-laden water appears to be unfavourable to 
the larvae of anopheles mosquitoes and it also tends to destroy 
aquatic vegetation which would otherwise afford them shelter. 
Jts value as a manure is also generally admitted. The 
fertilization of soil by silt deposit ordinarily necessitates 
some form of irrigation. Sub-soil drainage may influence 
malaria by drying up small surface pools and preventing 
seepage, thus diminishing the breeding of anopheles • and 
on the other hand by allowing for the proper aeration of 
the soil it tends to improve the yield of certain crops very 
greatly and in this way stimulates cultivation and may 
thus increase th*> prosperity of the agricultural population, 
provided conditions of land, tenure, etc., allow of this. 
There is no reason to suppose that the use of manure can 
influence malaria except, in an indirect manner, either by 
its effect on cultivation or on the prosperity of the popula- 
tion. Improved methods of tillage may, on the other hand, 
help to reduce the breeding of anopheles, especially in the 
case of wet cultivation, and may thus influence malaria 
bpth directly through the insect carrier and indirectly 
through the human host. 

186. — EfTeot of Choloa of Crop on Malaria. 

• 1 « 

*■ . • 

232 . The choice of the crop to be cultivated may have 
a considerable influence.on malaria, both by its effect upon 
anopheles and through itfs bearing, upon the density of th4 
population. Recent investigations have shown for example 
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that, ricp cultivation, far from causing an increase* of 
malaria, may in certain circumstances lead to a marked 
reduction. Dr. Butler, m.j., f.l.s., Imperial Mycologist 
to the Agricultural Department , with the Government of* 
^lindi^, in a note on the cultivation of rice in Spain and the 
International* Ri eg Conference* at Valencia, refers to an 
interesting paper on Rice Cultivation and* Malaria, read 
before *the Conference by Senor I. G. Colmenares, Regional 
Health Inspector. In this note, it wa6 stated that the- 
ultuyate effect of rice cultivation has been the amelioratiqjh 
of malaria over large areas, especially in so far* as the 
severer types of the disease are concerned. " In these 
circumstances”, says Dr. Butler, "the cultivation of rice 
becomes a valuable method of sanitary improvement, and 
should Is? encouraged by the State . *. • . . Properly 

carried on (in* the wordb of a very competent expert), rice 
cultivation might be indulged in without danger at the 
very door of the church.” After discussion of the paper, 
the conclusions regarding rice cultivation unanimously 
adopted by the Conference were — 

“(1) That the cultivation of rice modifies land subject to malaria ' 
in the direction of making it more healthy.’’ 

“ (2) It is advisable to facilitate the making more healthy of 
obviously marshy lands, even when they are found at a less distance- 
than that authorised by the law.” 

Note — Tho Spauish law respecting nee cultivation pieMiribos among other 
resti lotions that rice fields should be at le,v<t 1,500 n e res from any inhabited 
spot, should command sufficient u ater for imgatiOn and should be surrounded 
by a ditch or caual. , 

I 

136. — Increase of Population and of Prosperity. 

4 

* 

233. The fourth condition to be fuelled by any 
successful scheme of bonification relates to the increase 
of the population and tho improvement of their economic 
condition. This factor influences malaria indirectly chiefly 
through its effect upon the human host, and directly, as 
we have se?n in paragraph 222, by reducing the chance 
spread of infect ion. The choice of crops has an important 
bearing on the density of population and its relative pros- 
perity, and may thus influence malaria indirectly through 
its reaction on the hurfian host. Rice cultivation has long 
been known to be capable, of supporting a deicer agricultural 
population ihan any other crop. In the same way, valuable 
crops like jute and sugar cane add very greatly to the 
gesources of a population. These* crops require a copious 
supply of water and must be irrigated in some way T 



trad they are also specially suited for delta tracts- Tlie 
intensive cultivation of rice, jute and sugar cane should 
therefore be encouraged with a yiew of increasing population 
' and prosperity and so reducing malaria. * 

tar.— possible Cause* of Failure in Bonification? 

• * 

234 Any scheme, designed as a measure of* bonifica- 
tion, may fail' to achieve its primary object, namely. th£ 
reduction of malaria, if it does not fulfil the thre^ condi- 
tions tfiat have been explained in the foregoing paragraphs. 
For example, a system of irrigation which is improperly 
designed or wrongly worked may lead to a g real increase 
of anopheles mosquitoes and thus cause an extension of 
malaria. Similarly, a faulty system of irrigation may cause 
water-logging tff the soil and bring about a loss cff fertility 
owing to the raising of the sub-soil water level. In some 
areas, saline efflorescence occurs as a secondary effect of 
water-logging and causes a decline of agriculture, resulting 
in land going out of cultivation. In these circumstances, 
if malaria is present, it is certain to increase, owing to the 
decline of population that follows and the accompanying 
economic stress that occurs among those who remain. 
Choice of unsuitable crops may lead in certain circums- 
tances to an increase of anopheles and a corresponding 
increase of malaria. Rice cultivation, for example, when 
carried out on a small scale, ami with a scanty supply of 
water may be highly productive of malaria. Instances of 
this kind may bo . met with frequently in undulating 
..country and may be seen both in the Raniganj coal field, 
the Madhupur jungle tracts, and certain other areas. A 
careful distinction must always be made, therefore, between 
the small patchy type of rice field, which is usually 
dangerous, and the wide expanse of rice swamp, which is 
not. _ , 

Schemes of agricultural improvement, which do not 
lead to an increase in the density of the population residing 
in the areas affected, and which do not ,v increase the 
material prosperity of that population, will ahnotft certainly 
fail to produce a decline in the prevalence of malaria. 

128.'— Failure of Certain Schemes In Italy. 

235. The recent history of ‘* Bonificazione ” in Italy 
affords many examples of the apparent failure of this 
measure. It has long been recognized that many of the 
schemes carried out i\j later years have not been an 
successful in mitigating malaria as* those of an earlier 
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period. Celli speaks in 3910 of “36 companies ,f#r 
hydraulic reclamation and drainage, whose work in the 
Rorigo district has resulted in a greater increase in the 
•salue oft private property than # of amelioration of paludic’ 
afid malarial conditions.” Among these, he names the 
operations . of* the Isolad Ariano Hydraulic Company in, 
Punta,, Where in 1908-09, subsequent to reclamation, a recru- 
descerfce of malaria took place on a scale unparalled in 
pre-reclamatiod annals 5 also, the scheme of improved 
reclamation of the hydraulic type of the district of Adria, 
where the unforeseen increase in malaria for four £ears m 
secession created considerable stir ; and he mentions the 
fact that in spite of similar reclamation schemes malaria is 
still severe at the splendid Ricasoli farms near Grosseto 
and on *the Rizzolo property within the limits of the 
municipality of Francof®nte. The ‘question of the density 
of the population and the economic condition of the people 
in the areas affected by these reclamation schemes is a 
matter of great importance. A priori, it would api ear that, 
in the case ofc schemes financed by companies or private 
owners for sake of profit, the smallest possible number of 
employees will be engaged. As is well-known also, the 
economic condition of the agricultural population in certain 
paits of htaly, where reclamations have been made, is 
deplorable. Celli frequently inveighs against the agrarian 
feudalism existing in many parts of Italy under which the 
land still remains in the hands of the few. Referring 
specially to the Campagna, he remaiks — “ Urfoitunately 
such a state of feudalism could not be changed here, as it 
was in northern and central Italy at the time of th(? 
communes and afterwards during the French Revolution. 
The Italian revolution has certainly mado it worse, seculari- 
sing the ecclesiastical properties, and substituting for 
religious communities capitalists or speculators who 
acquired the lands at a low price and make use of them for 
their own profit .... The law on agrarian sanitation of 
the Agro-Roi»ano has not had tho courage to break up the 
small but omnipotent band of proprietors, privileged more 
than they deserve, nor to improve the agrarian contracts, 
nor to prevent the organized spoliation of the tillers of the 
soil.” 

“ In olden times”, lie^says, “ it was the custom in order 
to afford opportunities for improvements, for ’the rents to be 
paid at long intervals and for tho workers to contract 
jlirectly with tho agent or the proprietor of the land, while 
to-day all contracts With few exceptidhs are made through 

12 
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tht caporale whose power is as absolute as it. is unjust. He 
puts whole families in his absolute power by advancing 
small sums of money to them % . . . It is grievous to see 
* bow, £or their convenience to save themselves ihb trouble 
of dealing directly, as all the employers of every civilized 
,coaatry do, with the workers, our rich leaseholders and * 
landlords permit, such, a condition of filings to *cpntinue r 
which besides being contrary to all the usages of th‘e most 
rudimentary civilization, strongly predisposes to the spread 

malaria ” * „ « 

236* The following passage taken from an article on 

Italy in the latest edition ol the British Encyclopaedia 

throws further light on Oelli’s views and helps to explain 

the failure to mitigate malaria reported of a number ojp the 

more recent schemes of boniticazione : — * 

< 

“ In Liguria, on account of the comparative rarity of large estates 
agricultural labourers are in a better condition. Men earn between 
Is. 3 d. and 2s. Id. (annas 15 and Re. 1-9) a day, women from 5d. to 
8d. In Emilia, the day labourers, kno^n as disubhgati earn, on the 
contrary, low wages, out of which they have to provide for shelter 
and to lay by something against unemployment. Their condition is 
miserable. In Tuscany, however, the prevalence of Mezzadria, pro- 
perly so called, has raised the labourer’s position Yet in some 
Tuscan provinces, as cfor instance that of Grosseto, where malaria 
rages, labourers are organized in gangs under u corporals”, , who 
undertake harvest work. They are poverty stricken arid easily fall 
victims to fever.” 


129 — Summary and Recapitulation. 

237. The results of the above discussion may be ’ 
* briefly summarized in tabular form : — 


The Influence^of the various Factors concerned In the 
Amelioration of Malaria by Bonification. 


Factors. Effect on Anopheles. ( ^^^populatiu^ 1 ^ ° f Bffecfc on Prosperity. 


A.— Regulation of sur- May cause a great reduction 
face waters. of anopheles. 


B»— Improvement' of May reduce anopheles if 
c soil fertility — the basin 01 flood system is 

(а) Irrigation used, especially, for vtet 

« crops. lhe perennial 
system may lead to an 
iucrease of anopheles if 
village chan nels exist 
Which can hold < am water 
in the monsoon. 

( б ) Silt deposit Silt bearing water is inlmi- 

cal to anopheles lat vse and 
also destroys aquatic 
vegetation. Henfie it may 
greatly reduc^ anopheles. 


May cans’* an increas* if May cause a great 
agriculture is improved iucrease of prosperity if 
and land tenure system 1 agriculture is improved 
allows. and f , th<* land teunre 

< 8 ys em allows. 

Improves yields of crops Results 10* greatly ino- 
very greatly and may pi oved pi osperity both 
cause increase of the local under Raiyatwari Set- 
agricultural population, if tlement and where the 
composed Of small land* land tenure system 
holders or tenant cultivate encoumges amah-land 
Oise provided the land holders, 
tenure^ system is favour- 
able, t t 

I Same effect as iriigation. May increase prosperity 
in sitni ar circumstances of population, 
as regards land system 
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• FACTQBB. 


Effect ou Anopheles 


(«) Bub-sog 
dralutfge. 


May cause diying ui of 1 
ama'l surface pools sad so 
reduce number of ano- 
pheles. 


{d) Manures 


No effect ou anopheles 


(«) Impro Ted 
me Hods < f 
• tui me. 

C. — Ihe cboi*e o f 
most suitable 
rope • for lo^al 
conditions. 


May reduce anopheles 
espeoitliy in cas 4 of wet 
cultivation. 

Mavseive to reduce ano- 
pheles In certain circurn- 
stances, e g , rice culti- 
vation, OjC. . 


1 


D.— 


Increase of -Probably has no effecfc on 
population anopheles. 


(b) Increase of 
pros ierifc) • 


May result in reduction of 
unoph les by imp oved 
sanitation 


Effect ou number of 
population. 


Effect on Prosperity. 


Brings water* ogged soil 
into m cultivation. Im- 
proves yield of crops by 
soil aeration, stimulating 
cultivation and leading to 
anAcrtmse of population 
if land system allots. 

May increa§e harvests and 
thus lead to an increases 
of population if laud 
system allows. t 
May ead to an increase of 
population. 


May increase prosperity 
of population greatly 
if land system allows. 


%May increase prosperity 
of population. 


May lead to greatlv 
increased prosperity. # 


Mav Lad to a g eat increase 
of imputation if laud 
system allows, e,g, y rice 
wi 1 support a denser 
population than any 
known crop. Valuable 
crons, such as jute, sugar 
cane, cot, ton, may also 
stimulate increase * of 
po uilation. • 

Leads to further increa*" of 
population if coudltims 
favourable. 


May lead to rapid expansion 
of population. 


May lead 4to greatl^ 
increased piosperity 
if land system allows. 


Increase of population 
does not uocessai tly 
increase prosperity 
but is au index of 
prosperity. 

Iuc ease of prosperity 
stimulates develop- 
ment and thus may 
lead to further pros- 
perity. 


238. The facts t hat have been recorded regarding condi- 
tions in Italy serve to emphasize the trerrfendous importance 
of tlie human factors that have been discussed in relation 
to the epidemiology ot malaria. In Italy the earlier projects 
of “ bonificazione ” which have proved so successful in 
ameliorating malaria have been carried out in areas such 
, as the Val-di-Chiana, where the land, system encouraged 
the multiplication of a class of small cultivators, who _ 
possess certain definite rights in the soil they tilled. 
Many of tfie later schemes, on the contrary, have been 
designed at the instance of non-resident capitalists, in areas 
possessed of a totally different system* of land, tenure.. In 
these circumstances, fine engineering projects aided 
by scientific methods of agriculture, while proving highly 
remunerative to their owners, appear to have failed in a 
most signal manner to bring about the amelioration of 
malaria. The .lesson to be drawn from this fact 
is that, while thinking of the water that requires regulation* ■ 
we must not forget the needs of the soil, the^rops or the 
people. It is the people* especially whose social and econo- 
mic condition requires to be improved. Apd in Bengal, 
where most of the lhnd is in the hands of small cultivators, 
this can be accomplished by increasing the productiveness 
of the soil by irrigation and the regulation of the surface 
and sub-soil water generally. Increasing both the supply 
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regulating the distribution of water by .irrigation 
projects, and fertilizing the soil by means of silt deposits 
will improve the crops and increase the food supply of the 
country, while at the samp time it will diminish tlfe number 
of anopheles mosquitoes and lessen malaria vei-y greatiy v 
, The resulting increase of* population and prqsperity will 
also conduce to the saipe great end. * 

130— Conclusions. 

. 239. The facts that have been discusse l in this* chapter 

Support the following conclusions : — ' 

I. Bonification includes measures for the regulation* of 

all of the following : — 

(a) Waier-sppply. ( d ) Population. 

(b) Soil-feTtility. ( e ) Agricultural prbsperity. 

(c) Food supply. (/)' Anopheles mosquitoes. 

Bonification influences favourably the relations of these 
various factors one to the other. 

II. Measures of bonification can be applied in Bengal 

so as to reduco malaria very greatly. 

III. Irrigation is the method of bonification parti- 

cularly*applicable to the decadent deltaic tracts 
of Bengal. * 

IV. Irrigation will increase soil fertility by silt 

deposit and improved drainage, thus encour- 
aging cultivation of tho land, increasing the food 
supply of the people, and promoting the pros- 
perity of the country as a whole. 

V. Under the system of land tenure common to the 

greater portion of Bengal, whereby most of the 
land is held by small tenant cultivaiors, irriga- 
tion will tend to check decline of population and 
will increase especially the prosperity of the 
agricultural classes, who form the' bulk of the 
rural population. 

VI. In the conditions peculiar to deltaic areas and 

which exist in the greater part *of Bengal, 

' irrigation and the improvement of wet Cultiva- 
tion, including the cultivation of rice, promises 
to reduce the number Cf anopheles mosquitoes 
and thus lessen the prevalence of malaria. 0 

VII. That in the circumstances stated jfgreat ameli- 
oration of malaria may be expected to result from 
measures of'bonification applied in the form $f 
suitable irrigation projects* 
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CHAPJER IX. 

Conclusion. 

240. # * ^The first main conlusioa at w,h*ich we have 
arrived as a result of the study of malaria in relation to 
agriculture in Bengal is that apart from the application of 
specific measures directed either against the malaria para* 
site oj the anophelene carrier there is an immense field for 
the carrying out of anti-malarial projects based upon the 
principles underlying Italian “ Bonificazione.” As we 
have seen “ Bonificazine ” embodies measures designed for 
a double £urpc«e, viz., to improve agriculture and improve 
health simultaneously. The second main conclusion to 
which we have come als) relates to “Bonificazione.” But 
in this case it is in respect to the particular type of bonifica- 
tion that is required. As we have already seen, in Bengal 
this happens to he irrigation. This is something new. At 
onetime everybody thought that drainage was what was 
needed. But experience has shown that agricultural 
drainage schemes may be very dangerous expedients in 
Bengal, sometimes doing harm rather than good. All the 
recent evidence goes to show that what is most needed in 
Bengal is a large increase in the available supply of mois- 
ture. In other words “ Irrigation must be the watchword of 
Bengal rather than Drainage." The*drying up of the 
country has already done immense harm. What is needed , 
is the restoration of a healthly flow of water. This cannot 
be accomplished by the removal or i*eductfonof the water 
but only by increasing the water-supply as muohas possible, 
aiding its distribution and encouraging its flow. In other 
words, by irrigation. • 

241. Necessary conditions for irrigation. — It is all 
very well to talk of irrigation the engineers will say, but 
before you carf have irrigation three conditions at least must 
be fulfilled*: (1} there must be a sufficient supply of water 
availabfe ; (2) the water must either be available at such a* 
level that will enable* it to be passed to the* places that 
require it by gravity, or it must be raised to such a height 
artificially; and (3) the»s*upply must be availa^e at the 
season of the year vtfhen it is actually needed. The sugges- 
tion that Bengal is badly in need of an irrigation policy is 
cl r tain to be driticistjd. # It will b« said, for example, that 
the two existing irrigation systems in Bengal, viz., the 
Eden Ca&al pi’oject and the Midnapore project, are so little 
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appreciated that they do not pay their way ; andf it wilPbe 
urged that neither of these projects have caused an amelio- 
ration of malaria, but ^n the contrary that they hare 
brought about an increase of disease. It is generally s%id 
that the month of October*nd the dry weather is the period 
when irrigation is mpst needed, and* it is certain to be 
pointed out that the available supply of water is* usually 
very scanty at this time of the year, a fadt that precludes 
any very large irrigation project. But if we geif doijjn to 
Uasic ‘principles, and consider firstly what is the supply of 
water that can be made available for irrigation put^oses ; 
and secondly , how we propose to use this water for the double 
purpose of benefitting agriculture and diminishing maflaria, 
mush useless discussion will be prevented. * 

242. The sources 'of water-supply in Beny al . — Bengal is 
the best watered province of India. The rainfall is heavy, 
varying from a minimum of 50 inches in the west to a 
maximum of 150 to 200 inches in the north and the south- 
east of the province. But the rain that actually falls on 
the surface of the country is only a very small part of the 
available supply of water. Bengal derives an immense 
amount of overflow water from contiguous and even distant 
provinces. The catchment areas of the (langes'and 
Brahmaputra together extend over a million square miles 
which gives some idea of the extent to which Bengal is 
indebted to other provinces for her available water-supply. 
But the visible water-supply which includes both the rain % 
and the water in pools and lakes and river channels is not 
the only available supply. For there is in addition an 
enormous invisible supply of water held up in the interstices 
nf the soil. A foot of sand will hold six inches’of water, a 
foot of loam lour inohes, and even clay will take up a 
considerable amount of moisture. Hence the soil acls as an 
enormous reservoir fed by the rain, and the o'verflow and 
percolation from rivers and water-course. Like the water 
on the land surface, moreover, which always flows from 
higher to lower levels on its way to (he sea, the underground 
.water is 'also in a state of flow below the surface of the 
ground slowly passing to the sea. . 

243. Special importance of the* y round water . — Under- 
ground water can always be found by digging a hole deep 
enough in t lie earth. AVi we pass downwards the soil 
becomes more and more moist until eventually we reach a 
zone that exudes water, so that a small pool forms at th^ 
bottom of excavatio'n. * This free vtater is the subsoil 
water, and we have reached the “sprina: level" or the 
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** Vater table ” as it is sometimes called. In some 
countries we may have to dig down many feet before we 
reach tlfe subsoil water. But in deltas like Bengal the' 
# -s$ater table is very near the surface. The ground water 
*ihas & most.iroportant bearing 04 plant life in general and 
on agrj culture in* particular ; hence it i$ of immense* 
importance also to irrigation. The majority of plants depend 
more, upon grbund moisture % than upon either rain or 
surface ‘water. In fact, both rain and surface water are 
chiefly of service to plants because they keep ftp tlfe 
sirpply of ground moisture Plants vary in their requiie- 
ments in respect to moisture. Some need a lot of water, 
otluJrs only a moderate amount and some can exsit on very 
little. Crops are roughly classified as ‘‘c^ry crops’’ and 
“ wet crops” respectively But the-te terms hardly express 
the great difference between them. Wet crops, for example, 
not only need much more water than dry ones, they also 
require to be grown much nearer the water table than dry 
ones do, because thej a>e shallow rooted. Wheat and 
cotton are both dry citfips, and wheat and cotton plants 
possess long tap roots which can penetrate deeply into the 
soil in search of moisture. Hence wheat and cotton are 
fomid growing in relatively dry areas, where the subsoil 
water is often many feet below the surface. Rice and jute, 
on the other hand, are wet ctops with relatively shallow 
roots. Thus rice and jute grow luxuriantly in delta areas 
where the supply of water is abundant and the subsoil 
water is very near the surface. As 75 per cent, of the 
total crops grown in Bengal are 11 wet crops ” it is obvious 
that, both the supply of water and the relative height of the 
subsoil water are of immense importance to agriculture. 
We arc now in a position to begin to Understand the 
requirements of Bengal in respect to irrigation. As we have 
seen 75 pet cent, of all the crops grown in Bengal are wet 
crops, including rice, jute and sugar cane. But these three 
sorts of wet qrops actually occupy nearly 95 per cent, of the 
net cropped area and with the exception of a email area under 
summer rice, fhey occupy the land during the height of the 
wet season, when the supply of "water is relatively abundant 
and the subsoil watei* is very near the surface. Bengal 
requires, in fact, flush** flood or inundation irrigation 
during the* kharif* season. In ‘this* respect* Bengal is very 
different to drier and more elevated areas, where the main 
liarvest is composed of dry crops^ that mostly occupy the 
land during the dr/ sea-son, whe*n ffhe supply of surface 
■water is relatively scanty and when the subsoil water is 
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often many feet below the surface. For in these latter 
areas it is rabi irrigation that is mostly required in the dry 
•season of the year. f 

244. Types of irrigation . — We have now gained a ver|r 

general idea of the water-supply that is available, in Behgal, 
and also learnt when njost water is nee&ed for agricultural 
purposes, and where in the soil it needs to be supplied ter 
meet the requirements of the principal crops.' We can.jiow 
take a brief glance at the various types of artificial 1 irriga- 
tion thfet are in common use in countries where such 
irrigation is practised in order to arrive at some conclu- 
sions regarding the particular method or methods of irriga- 
tion that are likely to be of most service in Bengal. 
The simplest tyjle of irrigation is inundation irrigation. 
This is in use in almost all h<Jc countries in which the 
rivers rise in flood during a certain season of the year. 
This sort of irrigation has been practised in Egypt for 
7,000 years, and is largely adopted in some parts of 
the Punjab, where inundation canals ate in use, and also 
in Sind. Inundation irrigation is also practised in Siam, 
Cochin China and China proper. In many parts of Eastern 
Bengal, natural inundation irrigation is largely employed. 
All that is required for this sort of irrigation is.q systenr of 
branch channels taking off from the main rivers and so 
arranged that when the water in these rivers rises above a 
certain height water can flow through the branch channels 
into the fields. In the course of thousands of years inunda- 
tion irrigation was carried to a high pitch of perfection in 
Eyypt by the construction of huge basins adjacent, to the 
Nile that could fee filled to a given depth with water, when 
the Nile rose in flood, by means of inundation canals ; and 
that could be emptied again into the Nile, when the river 
fell, through drainage or qscape channels constructed for 
the purpose. The inundation canal systems of the Punjab 
and in Sind appear to be of a more primitive type than 
those of Egypt. But they are based on very similar princi- 
ples, being designed to tako off water from the ri\»ers when 
tlj.e Water rises to a certain height in the flood season, and 
t.o lead that, water to the ‘fields on jvhich the crops are to 
be grown. As we have already seen ‘in a previous chapter, 
the irrigation systems of China, Siam and Cochin China are 
worked on very* similar ’principles. * Inundation ttystems of 
irrigation are mostly used to assist in the cultivation of 
idee and similar wet crops. ^ 

245. Flood or flush irrigation.-^A fhrther development 
of inundation irrigation from rivers is to be seet j in the 
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artificial arrangements adopted in the deltas of the Cauvery, 
the Krishna and the Q-odavery in Madras and the Mahanadi 
i» Orissaf, and in certain other countries. In these places 
it© has been found possible to extend very greatly the area 
of cultivated land under command from the river by rais- 
ing the t hevel of tlfe flood artificially. Weirs or anicuts or* 
barrages are employed for this purpose. * The effect of 
these .contrivances is to impound the water in the river 
chaynel*so that it is compelled to rise to a certain height 
before it can escape over the weir or anicut or pass through 
the openings in the barrages. In this way, a certain 
“ head ” is obtained above the weir, which enables a larger 
supply of water at a high level to be drawn into the canals 
that taka off above the weir, anicut or* barrage. This 
arrangement possesses great advanthges over the simplest 
form of inundation irrigation, because whether the flood in 
the river is a high or a low one it is always possible to 
secure a supply to fill the canals, and thus irrigation is 
more constant and the crops are consequently more secure. 

246. Tank and bund irrigation . — Flush irrigation 

may also be practised from large tanks or “ bunds ” con- 
structed either for the purpose of holding up rainfall or in 
order that Jhey may be filled from rivers or streams by 
means of small canals designed for this purpose. Tank 
irrigation for rice cultivation is very common in Madras 
and “ bund ” irrigation systems are used in Chota Nagpur 
and parts of Bihar and the Ceutral Provinces. A similar 
system of irrigation used to he common in Bmkura, 
Burdwan and Birbhum. Burdwan, for example, is supposed 
at one time to have possessed nearly 54), 000 irrigation 
tanks. Even now it is reponed that over 400.000 acres 
in Burdwan and 200,000 acres in Birbhum'are irrigated 
from tanks. Tank irrigation ,is useful in several ways. 
When the fanks are at a sufficiently high level water can 
be passed on to the surface of the land by gravity. If the 
water level fajls, the water can 1 e raised artificially and 
passed on. to the fields. Besides this tanks serve the 
purpose of assisting by percolation to keep the level of *thp 
subsoil water fairly high. * 

247. Perennial irrigation . — Perennial irrigation is the 
term applied to systems «f irrigation designed to supply 
water throughout the yea’r but fchiefly for ifse in the dry 
season. Systems of this sort usually depend for their 
yipply upon rivers in which the water can be impounded 
and raised to a giveu’height. by means’ of weirs or dams, so 
that it cfn be fed to the fields through a system of high 
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l®vel canola. Novr^-sdayS Jt is cuetomary, wherever possible 
to construct huge reservoirs or artificial lakes somewhere 
•on the coarse of a river bj^ buifding immense dants across 
a narrow part of the river valley. The water so impounded 
is afterwards passed to the fields as required. throifgh a 
’system of di$tributory # channels. Perennial irrigation is 
specially valuable for assisting the growth of dry* crops? 
Xearly all the modern canal systems in the Punjab and 
United Provinces are arranged for perennial irrigation, i ^nd 
the water is used for wheat and other dry crops. Peren- 
nial irrigation has many advantages and some disadvan- 
tages. It is a great advantage, for example, to have an 
abundant supply of water during the dry season when 
many valuable jn'oney-inaking crops can be grown, which 
otherwise could not bb cultivated. On the other hand, 
perennial irrigation may lead to the rise of the subsoil 
water level to an inconvenient height, with bad results in 
the shape of water-logging of the soil, and the production 
of saline efflorescence or reh ” as if is ca'iled. ‘Reh” 
is due to the evaporation of moisture during the dry season 
from the surface of water-logged or semi water-logged 
soils. This evaporation leads to a concentration of salts 
near the surface. It frequently occurs in the Punjab and 
United Provinces along the course of badly aligned canals 
constructed at too low a level. Adequate subsoil drainage 
is the only remedy for this sort of thing. Reh ” isj 
practically unknown in areas where flood or flush irrigation 
is practised for the growth of wet crops. 

" 248. Lift irrig ition . — Lift irrigation depends upon the 

use of water p-om rivers or tanks or wells, raised by 
artificial means. All sorts of contrivances are' used for 
raising water.'but punaps are no w usually employed where 
relatively large areas are to jbe irrigated by lift. Owing to 
the great expense of pumping or otherwise raiding water 
. artificially, this sort of irrigation is usually adopted for dry 
crops and is rarely employed for wet crops othe/ than sugar- 
cane which brings in a heavy gross return. Lift irrigation 
fyas'been ^employed in Carolina for irrigating rice ‘fields, 
however. Lift irrigation has one gre^t advantage : because 
of the expense of raising the water there is little tempta- 
tion to overwater the land so as fco produce water-logging j 
moreover, the Very raising of th'e water diminishes the 
risk of water-logging very greatly. 

249. Tidal irrigation . — It is sometimes possible tq 
make use of the tides) which back? up the fresh water in a 
tidal river, to obtain a supply of sweet water for irrigation 
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purposes. The wafer is passed at high tide through tidal 
sluices into low-lying rice fields protected from inundation 
by mearfs of embankments. * The excess can be removed* 
by opening the sluices at low title. Irrigation of this sort 
is practised ki Carolina and i» other countries, in area§ 
situateclmear the Aouths of tidal rivers. , 

258 .* Irrigation systems in Bengal . — "Reference has 
been.made to *the Eden Canal and the* Midnapur Canal 
pr<jject8 in Bengal. These irrigation systems differ in 
detail but not in principle. The Midnapur systent is fSd 
by mfeans of canals taking off above weirs or anicuts cons- 
tructed across the Kosai river ; the Eden Canal System, 
on the ocher hand, is fed from the Damudar by means of 
sluices. • There is no permanent weir acrbas the Damudar 
but a temporary bund o£ sand is Usually built across the 
river after the flood season with a view of raising the level 
of the water so that a larger amount can bo fed into the 
canal. Both the Eden Canal and the Midnapur project 
are used almost entirely for the growth of wet crops and 
chiefly for i*ice cultivation. But they do not appear to be 
worked on the plan adopted in the Madras deltas, which 
allows of a very large supply of water for flushing the 
fields duripg the flood season. On the contrary, irrigation 
from both the Eden and Midnapur systems is restricted as 
far as possible to the early and late parts of the season. 
Water is supplied only to those who have taken water 
leases, and leases are issued on the basis of the average 
available October supply. It is considered that from the 
point of view of the rico crop October irrigation is of most 
value, because it gives most security. 1 14 practice, irriga- 
tion froifi these two systems means October irriqation. 
This fact is mentioned because it is of immense importance 
from the point of view of majaria ; and it explains why 
neither th‘e Midnapur nor the Eden Canal systems have 
been effective in re lucing malaria. By the time October 
has been reached, the majority of the anopheles mosquitoes 
that are. likely to spread malaria in the locality have 
already been produced, under conditions which p^rnqit 
them to develops to the best advantage, i.e., in areas well 
provided with breeding places, not too abundantly supplied 
with water so as to be flushed effectively and thus rendered 
innocuous by a large e’xcess ’of water. The lands com- 
manded by both the Midnapur and the Eden Canals would 
probably be greatly benefited if the canals were allowed to 
run to their fullest extent during the' flood season, for the 
purpose^of flushing the largest possible area with silt laden 
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rivet water. But this procedure is rendered difficult 
owing to two facts : (1) the pqssibility of causing^ damage 
Vo certain portions of the, area by the excessive 'flooding 
of the land which might occur in the absence of efficient 
drainage channels for removing the excess *of, irrigation 
water ; (2) the water-jease system, which beirfg, based 
almost wholly oft the available October supply. gWes an* 
impression that pgople only contract for October water and 
have no claim to a supply at other times. It is felt, also 
that by ‘feeding the distributories during the flood season, 
others than those paying leases would benefit. Whenthe^b 
facts are borne in mind it is not difficult to understand 
why the Midnapur and Eden Canal systems cannot 
possibly effect .a ‘reduction of malaria. It is because of 
the manner in which they are woficed. At this point, it is 
convenient to digress for a moment and explain the relation 
of perennial irrigation to malaria. Perennial irrigation , as 
we have seen, is usually employed for whe^t, cotton aud 
other dry crops that require water in the dry season. 
These long-rooted dry crops do not flourish if the subsoil 
water level is too high. But there is a danger that if the 
land is too heavily watered, the subsoil water level may be 
raised too high and the crops suffer from wator-loggifig. 
In these areas, therefoie, the canals and village distri- 
butory channels of the irrigation system are as far as 
possible kept empty of canal water during the wet season 
when irrigation is not required. But during the rains it 
is quite impossible to keep the channels free of small pools 
Of rain water. As a result, anopheles mosquitoes breed in 
large numbers ia the partially empty channels an$ malaria 
becomes rife among the population living near at hand. 
This appears 'to be the explanation of the increase of 
malaria that has taken place in the Punjab and elsewhere 
in association with the introduction of perrenniat irrigation 
< for dry crops. Flush irrigation, as practised in the Madras 
deltas, does not cause an increase of malaria. On the 
contrary it makes the areas using it less .liable to the 
disease e 

251. The sort of irrigation required in Bengal. — We 
have seen that nearly 95 p»r cent of*the net-cropped area 
in Bengal is occupied t by wet Crpps consisting mainly o£ 
rice, with a smaller proportion of jute 4 or sugarcane in 
certain areas. We have seen also that the bulk of these 
crops occupy the land during the wet season when the; 
rainfall is heavy, the' rivers are ‘in flood, and the subsoil 
wate^ level is nearest the surface. Moreover, wj have 
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learnt that at this period (which may bo roughly stated 
a$ including the months June to October) malarial infec- 
tion ordinarily tends to spread ; but that in the parts of 
Bengal that are most amply sypplied with water at this* 
season. of the year, enjoying a sort of natural flood or flush 
irrigation, # malaria is reduced to a minimum by th$ 
abundarfce of wafer, while at tfye same time the wet 
crops ,*Yre greatly benefited by the same ample water 
supply. We hhve learnt also that in the Madras deltas 
and, elSewhere, where wet crops are grown with the 
assistance of abundant flush irrigation in ttte wet 
seasdh from the rivers that are always in flood at 
that period, malaria is reduced to a minimum and 
on *the other hand the harvests are greatly benefited. 
When these facts have been clearly grkeped, it will be 
apparent (1) that the sc/rt of irrigation required in Bengal 
for the joint purposes of improving agriculture and 
reducing malaria, musr be of a very similar kind to that 
of Madras, or Sind, or the Punjab inundation canals, viz., 
flush, or flood or inundation irrigation ; (2) that it must 
aim at the utilization of the largest possible amounts of 
water than can be drawn off with safety from rivers during 
and not after the flood season ; and* (3) that in these 
circumstances there is no need to worry about the subsoil 
water level being raised too high ; on the contrary, the 
aim must be to raise it and keep it as high as possible 
during the wet season so as to benefit crops and reduce 
malaria. “ How,” it may be asked, can these conditions 
be fulfilled and flush irrigation of this sort be extended, 
where it is most needed, both for purposes of agriculture 
and for health?” The answer is clear, la many parts of 
Bengal, especially in the Burdwan and the Presidency divi- 
sions, the rivers rise in flood above ihe level of the land 
during the wei season, and are qnly prevented from overflow- 
ing the country by means of embankments. These embank- 
ments are in many cases already pierced with sluices for 
the passage of water. But with few exceptions these are 
rarely opened at present. There is no question whatever 
that irt the areas mentioned it would be possible* to design 
and carry out inundation irrigation projects that would be 
of immense benefit *to the country. Burdwan and 
Murshidabad districts may be specially mentioned as areas 
in which ir/Undatian irrigation fa easily possible as far as 
the supply of water is concerned owing to the fact that river 
•water is at present excluded from (the country at the very 
'time it is most watted; by means of high embankments. 
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fl&heme was. drawn op for irrigatiqn in the 
Mwfdwm district, where irrigation is a most imperative 
necessity, doe to the fact tiiat the country is being 
’gradually dried up, the ^bsoii water-level falling in the 
dry weather to a great depth below the surface, and the 
pet-ctopped area having been reduced^ owiftg ,lo lack of 
water, by nearly 50 pgr cent, in thirty years. Tiut this 
scheme was based on wrong principles and a cuhaplet& 
misunderstanding of the real needs of the country. .Con- 
sequently, although it would have been much bettfer jthan 
qothing at all, it would not have been so useful as it might 
easily be made. In the first place, it was designed Chiefly 
to make use of the available October supply of water. It 
was neither the flush irrigation of the Madras deltas, nof the 
inundation irrigation of Sind nor the perennial irrigation of 
the Punjab, but merely the repetition on a’ large scale of 
the sort of irrigation that is already carried out by the 
Eden Canal and Midnapur Canal projects. This sort of 
irrigation is not specially effective from the ppint of view of 
agriculture, neither is it of any use for the reduction of 
« malaria. It is a sort of compromise. Those responsible 
for designing the Hurd wan scheme would no doubt say 
that what they aimed at was to ensure a supply of water in 
October, a very critical period for the rice crop,; and that 
owing to heavy rainfall water is not really needed earlier 
than this, except sometimes to assist the planting of vice 
early in the beason. But this point of view ignores the fact, 
pointed out in an earljer paragraph, that the height of the 
water is all important, to wet crops especially, and that 
the filling up of the vast subsoil leservoir is one of the 
most important* functions of an irrigation systom working 
under conditions extsting in Bengal. On the average, the 
dry weather level of* the subsoil water in the Burclwan 
district is about 25 feet from the surface. The soil is 
chiefly loam, which we have seen requires about four inches 
• of water to the foot to saturate it. Therefore, on the 
average, Burdwan district requires 100 inches* of water to 
raise the subsoil water to such a level that 'vyet orops like 
rice 'can be cultivated. But the rainfall is only ab'out 50 
inches, and flood water frorh the rivers is excluded from 
the country by means of embankments. In these circum- 
stances, it should be pbvious th$t wet cultivation mus$ 
necessarily be limited to those localities, which can obtain 
a large supply of the moisture they require, either by 
percolation or by overflow from adjacent areas. In any* 
case, much less Ilian' 50 per cent, of ‘the total area of the 
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Burdwan^dietrict can be cultivated with wet crops because 
th*e whole available rainfall would only just permit of the 
subsoil water level being Raised to the surface of that 
psroporticfu of the total area, and # would allow of no further ' 
supply for irrigation. Formerly, it may be remembered, 
*75 pSr cent. «of the whole Burdwan district was under, 
cultivation, and it Vas the wealthiest district of Bengal. 
At thawtime 50,000 irrigation tanks were iff operation, and 
besides this the Damudar river used tcfflood many parts 
of t£ # e cftuntry every year through breaches in the embank* 
ments. The subsoil water in these ciicumstances must 
have been at a very high level, with the result that every 
drop of October rainfall could be fully utilized for the 
growing crops. Circumstances aie very different at 
present. *For, after the rains cease the sfihsoil water level 
falls very rapidly, and if^he August and September rains 
have been scanty the small rainfall ordinarily received in 
October may be quite insufficient for maturing the crops, 
because the subsoil water is then too low to enable it to 
be fully utilized for the purpose. Flood or flush irrigation 
during the wet season is needed in Burdwan (and in other 
areas also) so that October rainfall or October irrigation 
can lie made effective, by reason of the subsoil water level 
hawing beeg kept up at a sufficiently high level. 

252. Irrigation for restoring flow in the rivers — Flood 
or flush irrigation from the rivers during the flood season 
is needed ior another purpose, — filling up with water 
the vast underground reservoir of the soil and so 
providing a supply of water to feed the rivers by percola-* 
tion during the diy weather months. This is an aspect of 
irrigation 'which has been altogether ignored in Bengal. 
But it lias received a considerable* amount; of attention 
in other provinces. Recently,, Mr. F. W. Woods, late 
Chief Engineer, Inigation Works, Punjab, has pointed 
out, as the result of a careful study of past records relating 
to the Indus, rfhat the dry weather flow of that river has 
increased • enormously since 1854, when there were no 
winter* canals whatsoever in the Punjab. He ’estimAteti 
the absolute increased ,dry weather flow in 1908, 1909 and 
1910 at 15,000 cusecs? notwithstanding the tact that the 
Punjab canals were withdrawing an additional 18.000 
cusecs at th% same* time* Figures tor 1916-17 supported 
the same contention, that the dry weather flow of 
the Indus has been actually increased rather than 
diminished since irrigation works have been extended. 



Iff. Wood's explanation of this apparent anomaly is as 
follows : — 

Alluvial storage. — The explanation of these apparently 
1 paradoxical phenomena ajjpears to be that the allflvial soil 
of the Punjab plain acts as a storage reservoir, regulating 
„by absorption and subsequent exudation from soasbu to 
season a considerable portion of the water of the Ayers and 
canals that pass over it. The mean elevation of th^Punjab 
plains, at a distance of aboat 360 miles upstream of Sqkkur, 
is about 450 ft. higher than the low-water level o|„the 
Indus at Sukkur. About 60 per cent, of the water with- 
drawn from the rivers by the canals percolates frotn the 
canals and irrigated fields into the subsoil, thereby raising 
the level of the subsoil water-table locally ; and when the 
subsoil water has thus risen above the low-watero levels of 
the rivers adjacent, it percolated back gradually into the 
river-channels, and incidentally prevents the rivers from 
losing by percolation outwards the 40 per cent, of their 
flow, which they were losing in Cunningham’s days. 
There is, in fact, good ground for the belief that the 
Punjab canals and sub-soil have been as beneficial in the 
storage and regeneration of water-supply for the Indus as 
ever was the Biblieal widow’s cruse in the matter of oil. 
Nevertheless, since the summer flow of the In.dus i9 more 
than five times greater than its winter flow, it would 
appear to be advisable to aim at utilising as little as 
possible of the relatively clear and scanty'water-supply of 
the winter and as much as possible of the far more abund- 
ant summer flow ol the rivers, which is also far more richly 
charged with fertilising silt. 

253. Alluvoal storage for Bengal . — Alluvial storage is 
of immense importance to Bengal for the maintenance of 
the rivers that are in good order ; for restoring the dry 
weather flow in water-courses that have already undergone a 
certain amount of decay ; and for providing areas at present 
subject to distress from lack of water in the dry weather 
with that relief they most require. The method indicated 
by Mr. Woods, viz., the utilization of river water ki the flood 
season to the fullest extent possible, is the very method of 
irrigation that is required for reducing malaria and at the 
same time increasing both the area under cultivation and 
the yield of the wet crops that are the main-stay of Bengal. 
Experience shows that in Bengal there is no danger in 
filling up the alluvial storage reservoir to its utmost 
possible capacity, for. contrary to what happens in more 
elevated and drier areas, localities in Bengal possessed of 
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thfe highe&t subsoil water level are as a rule tbe healthiest. 
It is not a difficult matter also to fill up the alluvial reser- 
voir if we remember that water tends to percolate very " 
rigidly downwards owing to, flie force of gravitation, 
•whereas it^ parcolates very slowly in a lateral direction., 
•Bearing' thiS in mini, the principles to be foljowed should' 
he (1) prevent tlie rapid escape* of surface water into 
rivers, and water-courses, (2) to aim as far as possible at 
storing «p surface water in tanks that may be used foa 
irrigation and potable purposes, and (3) to aim at bringing 
as. much water as possible from the rivers and water- 
courses during the flool season and passing it on to the 
surface of the country with a view to filling up the alluvial 
reservo r J;o its fullest possible capacity *a^id keeping it 
filled as long as possible into the dry season, consistent 
with agricultural needs. If these principles are followed, 
the dry weather subsoil water level of the Hurd wan and 
Presidency divisions, for example, will bo gradually restored 
to its former le*vel, and may even be made to approximate 
to that of Eastern Bengal districts where even at the 
lowest it is rarely more than 9 oi 10 feet from the surface. 
If this can be done, an amount of watar, equal at least to 
one.year’s t^xal rainfall, can be kept stored up in the soil 
reaching to a height of from 10 to 15 feet above tbe present 
dry weather subsoil water level of many areas. This will 
have very far reaching consequences • For. not only will it 
gradually restore the dry weather How in the rivers, but it 
will also tend to raise the high flood level of many of the 
channels, especially during the early and later portions of * 
the flood season. This is very import ant ..because it will 
eventually'enable flush irrigation to he extended to areas 
to which existing river levels do not at present allow. 

254. Recommendations. — T\jo recommendations only 
need to bo fnade in respect to the principles of “ bonification 
by irrigation ”, which I have attempted to outline and 
explain in thi$ report. The first relates to the immediate 
application, of these principles and the second to future 
action. • As reg*ards immediate action, the general linerftq, 
be followed have been indicated *in the course of the report, 
and all that need now be said in further explanation is 
this : Every possible encouragement should be given to 
private persons, public bodies anti voluntary Institutions to 
push forward irrigation projects of every possible kind, 
including the construction and restoration of irrigation 
tanks, the excavation &nd re-excaval.iot! of khals and water- 
courses ctf all kinds, and the care and conservancy of river 
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channels generally; the aim being to conserve and stole 
up water on the one hand and to promote the healthy flow 
*of water on the other ; always remembering that the too 
rapid and too complete removal of water either from tke 
• surface of the country c* the subsoil is frayght with a 
considerable emouut of danger to health, to agfieulture, ' 
and to the regilnen of the rivers themselves. As Regards 
the future act.ion*that should be taken, what I would.urge, 
fvith the strongest possible emphasis at my comfha nd, is 
the need for the appointment of an Irrigation Commission 
for Bengal, capable of investigating the needs df the 
country in a statesmanlike and impartial spirit. Among 
others, such a Commission should be e.n; owered to obtain 
the views of irrigation experts familiar with the various 
types of irrigation that have been briefly described in this 
chapter. This is all the more necessary because, I believe, 
Bengal does not possess at the present, time a single officer 
who can claim practical acquaintance with the inundation 
irrigation systems of the Punjab and Sind, respectively ; 
the flush irrigation systems of the Madras deltas ; the 
basin irrigation of Egypt and the other forms of flood 
irrigation practised in Siam, Cochin China and elsewhere. 

In final conclusion. I would point out that, at~the present 
moment, there is cultivable land in the Hurd wan and 
Presidency divisions equal in area to the whole of the 
cultivation in Egypt but which is now lying waste or 
fallow for lack of the necessary irrigation water. At the ; 
same time, the very flood water needed so badly for the 
irrigation of the country is actually passing each year 
unused to the 'sea, being confined often by embankments 
to river channels like that of the Padma, the Ganges and 
the Damudar and many other smaller streams. All that is 
wanted is the genius that can devise means for bringing the 
water that is at present being wasted, to the land that is now 
lying waste. The future of Bengal is bound up with the 
solving of this great problem. For the health of the people, 
the success of agriculture, the welfare of the whole com- 
munity, the prosperity of the railways and the conftnercial 
supremacy of the city and port of* Calcutta are all bound 
up with this great question, how best to bring back to the 
waste lands of the delta, the life-giving flood waters of the 
rivers, of which they have been so 1'ong deprived. The 
various appendices attached to this report give further 
information regarding* the principles to be followed in the 
attempt to reduce th« malaria of Bengal by the utilization 
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8o m# Economic Aspects of Bengal Malaria. 

• * 8 

1. pae hundred and thirty yearn ago Makhus, an obscure 
countrjNciergyman, stated in his now famous essa*y that “everything 
depends on the relative proportions between population and food.* 1 
Filjkv y€*irs later Darwin was led to apply this doctrine to the whole 
animal and vegetable world, and the results of his work, published 
ij>ug afterwards, laid the foundations of th» modern science of 
biology and produced a re /elution in every department of thought. 
The laws of population enunciated by Malthus and extended by 
Dafwin have thus everted a profound influence upon nearly 
every branch of knowledge; and their f undhipental im >ortance 
in connexion with the stugly of epidemiology and the problem of 
disease prevention is at last being recognized. 

2. Every organic being naturally increases <u so high a rate 

that, if not d istroyed, the earth would soon be covered by the progeny 
of a single pair. There is no exception to th* 4 rule ; even slow- 
breeding man na'* doubled in twenty-five years. But a continual 
doubling of his numbers every quarter of a century cannot take 
place. In any long settled country mankind cannot inotease at 
anything like the maximum rate. The fundamental reason of this 
is to be found in the tendency to diminishing returns from the soil. 
Oif any giv%n area that tendency shows itseLt for all agricultural 
pro luce. The tendency towards increase in population must then 
be counteracted ; and it may be counteracted in two ways, to which 
Malthus gave the names ‘ positive ’ and ‘ preventive ’ checks. By 
positive checks he meant those which cut down numbers already 
brought into the world — starvation, disease, war, misery in all 
its forms. By preventive checks he meant those which prevent 
numbers from being brought into the world. • 

3. The present paper concerns disease, one Malthus’ positive 

checks, wlfich operates through a high death-rate, or in other words 
through an excess of deaths. • 

4. Bengal is a huge swamp, peopled, afe the Jtiaghubansa puts it, 

with eaters of rice and fish and dwellers in boats. “A good rice 
swamp is al>og at all seasons, and at one season a bog cohered with 
water,” says Adam Smith ; and he points out, it is “unfit either , 
for corn or pasture and the lands fit for those purposes are not fit 
for rice.” BiA it has one great advantage : “ A rice field produces 

a much gftaate* quantity of food than the most fertile corn field.” 
Rice iftelf is an aquatic grass which cannot thrive wfthout ample 
water and which suffers Jiro in deficiency far more than from excess. 

It can adapt itself to floads but it cannot stand drought. The long- 
stemmed varieties will grow ^2 inches in 24 hours and withstand 
•submerging for three days ;• and provide*! the crqp is not drowned 
outright the greateif the depth of water on the fields the better the 
yield of grain. Besides producing rice, swamps abound in fish, 

• another valuable food of man. Hence •rice-swamps supplied with 
•sufficient water tend *to become vefy densely populated. “ The 
number* of a population,” says Darwin, “ depend primarily on the 

1 13 a 
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mean4 of subsistence and this depends partly on the physical nature, 
of the country, but in a much higher degree on the arts which 
are there practised/* * 

5. Agriculture is the art mos^ widely practised in Bengil ; rice 
occupies 85 per cent, of the cultivable area, and jute, auother swamp 
crop, a further 10 per cent., and ag we shall see latej, these facts 
have an important bearing on the density and growth of population 
which are by no nfeans uniform throughout the country. / 

6. Bengal is divided by its main river systems into four Afcfcural # 
divisions, viz., Western, Central, Northern and Eastern Bengal, 
respectively. Since the first Census of 1872, there have been 
rem f arkabhi variations in the rate of growth of the population 4 '^ 
these four divisions as may be seen fiom the statements ijoted 
below : — 


Increase of population. 


r 

• Population Population, 

in 1872. in 1921. 

1&T2- 1921. 

I noi east 1 
per cent 

Western Bengal 
Central „ 

Northern ,, 
Eastern ,, 

7,604 601 8,039,704 

8, *02, 780 9,433,544 

8,045,432 10,358,303 

10,980 504 18,650,1^9 

+ 5*7 
+ 271 
+ 28*8 
+ cy-s 


Density of population. 



t Density pei 

square mile 

A 

Increase, 

♦ i 

Western Bengal 
Central „ 

Northern ,, 

Eastern „ 

1872 1921 

545 570 

424 539 

418 538 

, ... ... 479 815 

4- 25 
+ 115 
+ 120 
+ 336 


' 7. The extraordinary development of the population in Eastern 
Bengal is due entirely to natural growth by excess of births over 
deaths ; there are few towns and no important industries to attract 
immigrants ; this natural division also, as a matter of fact, has lost 
rather than gained by migration. This area affords therefore an 
example of normal expansion occurring in an agricultural popula- 
tion living under relatively favourable conditions. Conditions are 
obviously very different in the other divisions, all of which possess 
important industries which attract immigrants in large numbers. 
Western Bengal, for example, possesses coal, iron And mills, etc., 
Central Bengal has a number of towns with m»any ftiills, and 
factories ana Northern Bengal includes nearly 200,000‘ acres 
under tea. Estimates of the gairf by migration from these and other 
causes are difficult, but the excess of immCgrants over emigrants in 
1901 and 1911, respectively, was fouijd to be about 6*3 and 7*4 per 
cent, of the population in Northern Bengal and 5*8 and ,8*8 p.»r cent.< 
in Central Bengal. Much of the expansion in this latter division is 
undoubtedly due to immigrants to its many towns. Western Bengal, 
on the other hand, lost nearly as much by emigration from certain of < 
its rural areas as it gained byUmmigration into its towns and jndus- 4 
trial tracts. 
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- *• Wh * 4 would the present populations of Western, Central and 

Northern Bengal be, respectively, if they had expanded since 1872 
by oy'b^per cent., tbe rate of growth which has actually occurred in 
• Eastern Bengal ? Western Bengal.woul(l have nearly five millions 
^Central Bengal nearly four millions and Northern B< ngal over three 
millions mor# inhabitants ; and^the province as a whole would 
possess 4 population greater by more than twelve millions than it 
does alpresent ; that is 58,605,420 against 46,481,090. Why is it that 
this expansion Jias not occurred? A partial explanation is to be 
sought in the fact that for a very long period fhe population of large 
aijgas iff the several divisions has ceased to expand at a healthy rrfte ; 
but a factor of even greater importance is the actual # decline of 
population that has taken place in tracts covering many thousands 
of square miles. The statement below gives particulars of the area 
in each natural division in which population has shown a decline at 
each of the last five census enumerations. 

• 

Area in* square mil A in tuhich population has declined. 



1872-81 

1881-91 

1891-01 

1901-11 

1911-21 

West fienga^ 

7,149 

5,027 

1,428 

5,339 

11 515 

Central ,, 

2,590 

4,444 

4,488 

5,262 

7 126 

North 

6,5.44 

5,484 

.8,878 

3,175 

6,964 

Bustei n „ 

6,476 

1,109 

2,1^80 

1,388 

465 

TStal 

... 22 749 

16.063 

1 1,974 

15,104 

26,070 


9, With the exception of the period 1872-81, the decline of 
population has affected a relatively small #rea m Eastern Bengal at 
each succeeding decade. The cause ot the large area found decadent 
in 1881 was the storm wave of 1876, which affected much hi 
Bakarganj and Chittagong and parts also of l^oakhali and Tippera 
and resulted in an appalling loss of life. The figures for the last 
decade give the best idea of the relative conditions of the different 
parts of the province. They show that 83 J>er cent, of Western Bengal 
is decadent, 60 per cent, of the inlilabited portion of Central Bengal is 
in a similar condition, and 36 per cent, of Northern Bengalis affected 
by decline of population, whereas in Eastern Bengal only 2 per cent** 
of the total area has shown a reduced number of inhabitants. 

10. It may # be that when population has ceased to expand rapidly it 
is merely t>ecai*&e loeal circumstances, as for example the food ^upply, 
are n<5t specially favourable to expansion. But an actual los# of 
population means \ery ipuch more^han a lessened rate of expansion. 
It points to some definitetchange in the climate or in'other conditions 
vitally affecting the welfare of the population which has made a 
reduction of their numbers inevitable. *The effect of such a change 
is likely tone very* far-reaching, as Darwin has pointed out in his 
Origin of Species. “We shall best understand the probable course 


of natural selection,” he says, “by fraking the case of a country 
undergoing some phj%ical change, fftr fnstanco, of climate. The 
proportional numbers of its inhabitants would almost immediately 
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undergo a change, and some species might become extinct,” “We 
may conclude,” he adds “ from what we have seen of the intimate and 
complex manner in which the inhabitants of each country are bound 
together, that any change in tfye numerical proportions of'some of t 
the inhabitants, independently of the change of climate itself^ 
would seriously affect many of the others.” What J)arwin wishes 
to convey by this passage is that when a change occurs sufficient to 
affect the numberfc 4 or distribution of any living organism, aiV mai or 
vegetable, the other organisms, living in the same area, arc ‘bound 
to be affected also. When, tcierefore, a change of cfimate or of Jocal 
conditions has resulted in a decline of'the hum'in population livjng 
in an arek, it is bound to be reflected in the flora and the fauna of 
the locality also. The history of Kassimbazur affords a stijikin^ 
example of this and incidentally serves as an illustration of the sort 
of change to which Darwin refers in the passage just quoted. 

11, “The decay of Kassimbazar dates from the beginning of 
the nineteenth ceutiiry,” slatts the Imperial Gazetteer, “ ft when its 
climate, which had previously been edebrated for its salubrity, 
underwent an unexplained change for thp worse, so that the margin 
of cultivation receded and wild beasts increased.” Here is an ins- 
tance in which both the plant and animal life of the locality are 
noted as having been influenced as the result of a change which 
affected the human population.* The receding cultivation and the 
increase of wild animals indicate a serious alteration of former 
conditions, 

12. Knowing what we do of the causes of tropical disease, we 
can safely affirm also that a corresponding change took place in the 
number and distribution of such lower forms of life a 5 * anopheles 
mosquitoes and malarial parasites, and hence the “ unexplained 
change for the worse ” of the former salubrious climate. We shall 
have occ ision to refer to the cause of the change of climate at 
Kassirabazar a little later Meatiwhil , we must return to the 
discussion of the larger question regarding the more recent serious 
depopulation of so many portions of Bengal. 

‘ 13, Attention has already been called to the fact that a serious 

decline of population indicates that a definite change has come over 
the affected area ; and as we have seen, the effects of such a change 
are not limited* to man but are certain to exert a >ery marked 
influence also on both the* flora and fauna of the locality, resulting 
in an increase of certain species ttnd a decrease of others. This view 
is borne »oufc by the evidence which shows that both tile plant and 
animal life of the areas undergoing depopulation exhibit an increase 
in certain ^directions and a decrease in others, and many of these 
increases and decreases are of special importance to‘man from an 
economic standpoint, affecring as they do the question eft available 
food supply very greatly. 1 

14. The most prominent an f best recognize 1 change in relation 
to fauna is to* be seen in the great increase of malaria. If we 
compare a map of the areas suffering c from a decline of population 
with another showing the ’relative prevalence of malaria we shall 
see that there is a rough correspondence between them. Depopula- 
tion is, therefore, generally associated with iutense malaria. Evi- 
dence points to the fact that in the areas in which rho human t 
population is declining, mili'ria has increased very greatly during' 
the last sixty years. 



The relative prevalence of malaria. 


Western B^nga} 
Central* „ 
No^hern „ 
Kastern • 




F ever indices. 



Tm 

^Per cent. 

ISIS ~ 
Per cent. 

1920 

Per cent. 

• •• 

... . 21-9 

40-9 

51-7 

• 

17-3 

32-3 

44-9 

... 

2*2-3 

«3*7 

33*5 

t • • 

9-3 

• 7*5 

14*0 


9 15* Rurdwan, Birbhum, Bankura, Midnapur and Hooghly in 
Western Bengal were at one time relatively free of malaria And 
were regarded as sanitaria. Similarly Murshidabad and Nadia and 
a great poition of Jessore in Central Bengal were formerly healthy, 
and Pabaa and Malda in North Bengal were*also relatively salu- 
brious. In Kastern Bengal, •Tangail in Mymensingh, Manikganj in 
Dacca and the northern portions of the Faridpur district, which are 
now malarious, were formerly relatively free of the disease. 

16. This admitted increase of malaria can only be explained on 
the aesuinptioi^that there has been a corresponding increase in the 
number and distribution of anopheles mosquitoes and malaria 
parasites in the areas affected. Unfortunately, there are no actual 
observations on this point. But it must be remembered that the* 
malarial parasite was only discovered in 1880, and the part played 
by anopheks mosquitoes in its transmission as late as 1898, long 
after this increase of malaria had taken place. Many healthy loca- 
lities in which population is increasing usually show scanty signs of 
malaria. But anopheles mosquitoes of species capable of harbouring 
the malarial parasite are to be found everywhere and often occur in 
laige numbers in these healthy areas. Taliey do not, however 
appear to multiply greatly during the wet se son as they do in the 
unhealthy areas, so that the period of their greatest prevalence does 
not correspond with that most suitable for the proliferation (Tf 
malarial parasites. Meanwhile, it may be nqted that there are 
grounds fftr believing that in the decadent areas anopheles mos- 
quitoes are now far more prevalent during the •period of July to 
October than they used to be, and that thkf change is associated with 
a greatly lessened supply ot water. I 

17. Other important variations in the fauna of the areas under- 
going depopulation are the notable decreae in fish of all kinds and 
the great increase in the prevalence of certain mammals, wild hog 
for exam nie. The decrease of fish is generally recognised and has 
been reported oti by Sir K. 6. Gupta, I.C.S., and Mr. K. 0. De, C.I.E., 
I.C.8. *The increase of wild hog and other vermin is also generally 
admitted and often ascribed to tlie increase of jungle. Both of 
these changes are important from an economic stand point ; the 
reduction in fish, because ifc means a lessening of the food supply, 
•and the inci^ase of wild hog, etc , because it resulto in greater damage 

to crops. A further* minor change in the fauna of certain of the 
areas now undergoing depopulation is the reduction in the number of 
silkworms produced. This is also a matter of economic importance 
lo man. f # # 



tibmiq* to WtoMm tmrteio *ha»gW ti»t 
pfac* " ia tike 4©# ©I the areas nndergoiag dspopflM&rtk to inline 
s^n^any ot th«§# changes are of fpprata* importance to iban ffom 
n& ojbokom to ii&ndpoiiH. # 

Jti«' The yjost noticeable <&ange is the lapsing ®f Cultivated or 
inhabited areas into jungle. This was previously noticed In tij© die* 
of Itassimbazar, but it has becoBae so apparent^ d later years as fre- # 
qnentty to be accepted a# a primary cause both of tfi| general* 
increase of malaria and of depopnlation. Certain facts reqpre to be 
noted about this increase of jungle. In the first place, it is confined 
%lmost entirely to the more elevated and drier localities* the high 
banks ef the rivers and on village sites for instance, and "It is 
especially noticeable in places where population has declined. In 
the second place, contrary to what is often stated, this growth *of 
jungle, as the Nadia Fever Commission pointed out, “ is of a kind 
that prefers a dry to a damp habitat .” It is not swamp vegetation 
that increases, but* trees and shrubs whose roots require a soil in 
which aeration odours. This fact has a t very important bearing upon 
the nature of the climatic change that has occurred In the areas 
undergoing depopulation. 

20. Turning to the broad question of cultivated and waste land 
respectively, some idea of the relative distribution of the various 
classes of land may be got from the following tabular summary 
which gives the percentages for each natuial division. 



Percent^ 

cultivable area 
cultivated 

Pei cent age 
cultivable 
w ai-te 

Peiceiitagc 
cm rent 
fallow 


Per cent 

Per cenf. 

© 

Per cent. 

Western Bengal ... 

61 

26 

12 

Central „ ... 

58 

18 

24 

Northern „ 

71 

14 

15 

Eastern „ 

... 90 

7 

3 


21. There ir little statistical information regarding changes in 
the proportions of cultivated and uncultivated land respectively, but 
a few general statements are on treoord relating to particular areas. 
For example, it is reported that in Bnrd wan prior to the epidemic 
fever seven-eighths of the land was under Cultivation, whereas the 
latest returns show only 47 per cent, of the cultivable area as being 
cropped. This latter figure compares very unfavourably with Dacca, 
where during the same season 92 per cent, of the cultivable area was 
cultivated. * A progressive contraction of the cultivated aSrea in 
Nadia has been reported by the'successive,. Collectors* And a loss of 
fertility and consequent agricultural deterioration has been noted in 
many other districts of Central and ^Western Bengal and elsewhere. 
Take for example the fallowing remark from pag£ 50 of the 
Settlement Report ftf Faridpur : “ It was impolsible for landlords to 
enhance rent and to evict tenants when the fertility ef the soil was 
declining and land was gradually going out of cultivation 

Nqtb.— T he italic* are mine— C. A. £. 
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22. Taking into consideration the broad fact that only 58 ami 
CO per cent, of the cultivable area is under cultivation in Central 
and Western Bengal, respectively, compared with 90 per cent, in 
Eastern Bengal, it would appear, in view of the marked decay of # 
population that* has taken place ins the former areas, that some 

» citoa # tic change has occurred which has affected the flora of these 
areas to sucty arf extent as to diminish very seriously the food supply, 
* of the pfcl^le. 

• 23. /When we come to examine mi some detail .tlie crops grown,, 

certain very significant facts are brought Jo light. Take the 
character of the rice grown in different parts of the country. There 
are Hhree main varieties of rice, Aman or Winter rice, Am pY 
Autumn rice and lioro or Bummer rice. These different classes of 
rtee flourish best in different situations and differ in the amount of 
water they require. Am paddj grous on relatively high land and 
requires least water; Aman requiies abundant water and Boro* 
grows best along the edges of rivers or permanent swamps. The 
proportion^ of these three kinds of rice gr # own in dilierent localities 
vary very greatly and depend primarily on the water supply. Boro 
paddy gives the most abundant yield, Aman paddy the finest grain 
and Am paddy the smallest outturn and the coarsest rice. In spite 
of this fact Am paddy i< gradually replacing Aman in certain areas. 

24. The GazetUet* of the Jessore district, for example, states- 
that the area under Aman rice is contracting owing to deficient 
floods; and a comparison of the agricultural statistics of 1920-21 
with those of 1906 shows that in Jessore the normal area under Ain* 
baa been increased by 10 per cent, and in *Nadia by 50 per cent. 
Wherever the supply of water is scanty Am paddy tends to replace 
Aman, The figures £4* individuil thanas in the Faridpur district 
are very instructive iinhis respect, showing as they do that the 
extraordinary variation in the growth of A us paddy in different 
parts of the district bears a relation to the water supply. “ In the 
north of the district,” says the Settlement Report, ‘ water for 
drinking and other purposes has become ‘^ery hcarce.” The north 
of the district is malarious and in the malarious northern thanas of, 
Pangsa, Hhu^hna Baliakandi, Goalumio and Faridpur the proportion 
of Aus pad<iy grown is from 34 to 46 per cmt. of the total, whereas* 
in the non-maiarious more southern thanas it is very small, ranging 
from 6 3 per cent, in Kotwalpara to 7*5, and 7*9 find 9*6 per cent., 
respectively, in Madaripur, Gopalgauj and Muksudpm*. The outturn 
of A?nan rice varies greatly according to the supply of water. The 
yield of Aman rice grown in the south of Faridpur is \efy heavy, 
says the Settlement Report, 4 ‘ but in the north ot the district it is 
ordinarily mush poorer and only becomes good when inundations 
come early. and are widespread.” 

25. Jute comes next in importance to rice. As iu^the case of 
ric? so for jute also ample water is Necessary, largely governing the 
distribution of the plant £ o nd the character of the crpp. Abundant 
water is also required for the retting of the fibre. “ It is necessary 
to have water conveniently ne&r ” says the Settlement Report of the 
Faridpur district, “ya which the Jute can be stepped. This limits* 
the amount of jute that can be grown in the north of the district 
considerably, but in the Madaripur subdivision the limit, owing to 

ttlie abundance of small fivers and stretyns, 9has not been reached.’* 
The figures for jute cultivation in the province as a whole show that 
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44 per «ent. is grown in Eastern Bengal, 26 per cent. in Northern 
Bengal and only 8 and 2 per cent, in Central and Western Bengal, 
respectively. And a comparison of data regarding the relative 
§ abundance of water indicates a Hose relationship between the 
‘•supply of water and the y^ld of jute. Generally speaking alscfa 
rapid increase of population occurs in areas where jute is larjjfily^ 
# grown, whereas a reduction sin the cultivation of iute is* often 
followed by decline of population. • • 

26. Among'ojher mindr changes m the flora of areas r^hat arp 
losing population, |he disappearance of indigo anji the reduction of 
mulberry may be mentioned. Indigo was formerly cultivated very 
widely, especially in Western and Central Bengal and i& pads of 
tfaridpdr and Dacca ; but it is no longer grown in any quantity and 
the indigo factories are all in ruins. Mulberry, too, has already 
undergone a very marked reduction in consequence of the decline 
in sericulture. Another change is the practical disappearance of 
cotton as a cultivated crop in the greater majority of the districts 
within the last century. But this latter change appears to have 
occurred long before the 1 great incre&se of malaria and the rapid 
decline of population with which we are now concerned, and it is 
only therefore mentioned in passing. 

27. Putting aside for a moment the increase of malaria and the 
toss of population, it will be seen th.it the other changes that have 
been noted as occurring among the fauna and the flora, respectively, 
of the decadent areas we have been discussing, point to the con- 
clusion that a reduction in the water supply is the origin of the 
trouble. First of all # there is the receding margin of cultivation. 
This is invariably associated with a lack of water. It is always 
the drier and more elevated lands that jgo out o£ cultivation. 
Then there is the increase of jungle which IWargely confined to the 
relatively high banks of rivers and old village sites, showing that the 
type of vegetation is one which prefers a dry situation rather than a 
•damp water-logged one. The tendency for Axis paddy to displace 
the Aman variety is also an indication of diminished moisture. The 
* decreasing supply of fish affords further evidence of a lessened 
'supply of water ; and the increase of wild hog and other animals 
which has followed the increase of jungle points in the same 
■direction. The only fact, therefore, which appears 1 to militate 
against this view of tip? situation is the very great increase of 
malaria which has taken place along with these other changes, and 
which at first sight appears to prelude the possibility of ,a diminished 
supply <*1 water being the cause of the trouble. 

28. But we have only to recall two well-known facts in regard 
to malaria in order to realise that this difficulty is or^ly an apparent 
one. Ever since Empedocles flooded the marshes # surrounding 
Beli,nos in*§icily by a canal constructed for the purpose, anil in this 
way freed the city from malaria, it has been known that swampy 
low-lying localities cease to be unhealthy when .temporarily sub- 
merged ; and in the old days flooding wa^ often deliberately applied 
both in Italy and Holland for ameliorating malaria, with most 
•excellent results.* But while the flooding of swamps thas long be£li 
resorted to for checking malaria the partial removal of water from a 
marshy area has always been regarded as a most dangerous proceed* 
ing, calculated to produce' a serious intensification of the disease;, 
this belief being justified by the numerous* occasions in jvhich the 
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reclamation^ swamps has led to severe outbreaks of malaria/ Three* 
well-known instances of this kind are the case of the Grand 
Chartreuse Swamp in France, the low lands of Biensten and de 
Winner in® Holland and the Wnittlesea Mere in England. Such 
outbreaks were formerly ascribed to %niasma given off from the 
exjlbsed bottom of^the marsh. But now-a-days the accepted explana- 
tion is the gy-eat fncr£a|e of anophele? that takes place when, i>y 
partial drying up, a large expanse of wa^er is converted into many 
small shadow pools. • 

29. # We see therefore that all the important changes which can 
be shown fco have occurred in association with the loss of population 
that lf&s taken place in so many areas in Bengal are consistent # with 

a reluction in the water supply of the affected localities. This 
natTirally prompts the question : Is there any direct evidence ot such 
a diminution having taken place ? In reply it may be stated that 
for many years the complaint has been general throughout the areas 
afflicted with severe malaria and undergoing •depopulation, that 
water supplies hjive diminished. In 186J, the Revd. G. Schurr, 
of Kaspadanga in Nadia, reported in a letter to the Magistrate : 
“ During the twenty years I have been in this district I have observed 
a gradual diminution of water supply in old tanks and khals as well 
as in the rivers.” 

30. The following year Dr. Sutherland observed of the same 

district : The district is becoming more and more arid, tanks and 

■other reservoir-* of water dry up even before the hot weather, tanics 
full to overflowing in the rains rapidly dry up — facts which prove 
that there has been of late no increase or excess* of moisture in the 
soil>’ Similar complaints have been put on record at various 
times in regard to every malarious district. As late as 1912, 
Mr. Bhola Nath Banarji, Executive Engineer in charge of the 
Special Drainage Division, while at work in Jessore report d : “ If 

we draw a line from Pultia on the Ichamati to Jhikergacha on the 

, Kabadak, the country lying to the north of this line may be generally 
taken as suffering from a scarcity of good* drinking water.” ^ It 
is reported,” he adds, “ that tanks in those parts do not hold 
water but dry up with the subsidence of the rivers.” And he 
concludes b^y pointing out that most of the Jh%nida subdivision 
and parts of Magura where people suffer from want of water 
are the most malarious parts ot the district. Quite apart from 
general statements of the kind quoted, tlieie is a certain amount 
of direct evidence pointing to the abnormal dryness of many 
localities that have long been suffering from increased # malaria 
and depopulation. The Nadia Fever Commission, state that : 
41 Observations • in December of the water level in wells 

showed it io be # from 15 to 24 feet from the general soil surface 
level in* the west and north-west of the district.” A«few y^ars 
earlier similar observations were placed on record for Birbhuni 
district by Dr. ‘Jackson, * the Sanitary Commissioner. Recent 
observations in Burdwan, Nadia, Jessore, Pabna and Murshidabad 
hflve shown very similar rqsillts aijd hi^ve proved that, contrary 
io commonly f accepted ideas, the areas in which # the level of the 
subsoil water is specially low are far more malarious and unhealthy 
than those in which it approches withio three to five feet of the 
ground surface. In Buidwan, which is o&e of the worst districts 
for malar|a and depopulation, the mean level of the subsoil water, 
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•taken ’in twenty-eight wellB in different parte of the diatttot, i 8 
26 feet in th<* dry weather and 9 feet in the raina^s whereas in 
healthy parts of Howrah, Dace% and Mymensingh it varies from 
3 to 5 feet in the dry weather and is level with ^ie ground surface 
in the rains. Apart from*lhe moisture that is stored in^the 
subsoil and which, as we have seen, is subject tp very great varisf- 
tiens in different parts ot toe province, ttee unhealthy, malarious 
and decadent .tracts possess the lowest supply. The sources from 
which the country derives its supplies of water are the ssinfall and 
the overflow from the rivers in the flood season. Although the 
rainfall fluctuates from year to yeai there is no reasoif to suppose 
(that the average amount precipitated has undergone any marked 
diminution. On the other hand, there is plenty of evidence # to qjiow 
that 4;ha embankments that have been constructed along the margin 
of the rivers and for the purpose of roads and railways have had 
the effect of shutting out from the surface of the country 8 large 
amount of water which found access to it in former times. There 
are now many 'thousands of miles ct embankments, which cover 
the country with a net-work extending m almost every direction. 
And there is no doubt that their effect has been to deprive the 
country of much of the moistuie it formerly enjoyed. Time and 
again it has been suggested that these embankments have obstructed 
drainage and led to water-logging which has resulted in an increase 
of malaria. But repeated investigations have only served to show 
that, except in a very few places, the countiy within the influence 
ot the embankments, instead of being damper than formerly, is 
actually much drier than it used to be. And in the light of the 
facts brought forward in this paper the explanation is a simple 
one. It is m the main to the construction of these embankments 
that we must look for the cause of the increase ot malaria and the 
depopulation that has accompanied that increase. The decay of 
Kassimbazar. which has already been referred to, followed the cons- 
truction ot an embanked pukka road from Berhampur cantonment to 
Murshidabad, city. That decay was, as we have seen, accompanied 
by a decline of agriculture and a change in the climate. And the 
same sequence ot events can be traced in the history of almost every 
decadent tract m Tengri at the present time * 
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appendix II, 

Amp* most In need of Antt-ytalaHal Projects In Bentai, 

<Vbat are the ayeas in Bengal most urgently iu need of measures 
for ythe amelioration of malaria? This question can best be 
answered by reference to statistics relating to the prevalence of 
malaria in different districts and the census reports showing the 
growth or^decline of population. These are safer gu^fes than death- 
rates. Deaik-rates # are largely influenced by high birth-rates and 
are also affected by the acc iracy of the reporting agency, and are in 
consemienc% sometimes misleading. For example, some of the « 
most unhealthy districts of Central and Western Bengal, Vhose* 
deatfi-raies always exceed their birth-rates, show a lower fever 
death-rate and total death-rate than healthier areas in Northern 
Bengal, which have birth-rates far above the average. Mortality 
rates So however, give valuable information which will be used in 
this note, but population figures and fever indices will l>e first 
referred to. Before dealing* with individual districts, attention 
must be directed to the general condition of tho four natuial 
divisions of the province in these two respects. 

2. Expansion of population . — The recent census has disclosed 
the following results regarding the expansion of population in the 
four natural divisions of Bengal, viz., Western Central, Northern 
and Eastern Bengal, the first three of which correspond to the 
respective administrative divisions of Burdwan, Presidency and 
Kajshahi, while Eastern Bengal includes the two administrative 
divisions of Dacca and Chittagong : — 


Nitiual illusion 

h' p 1 QM( n of 
population 

Per tent 

1*72—1021 

Pci cent 

Western Bengal 

(Burdwan 

Division) - 5’J 

+ 5-7 

Central 

(Presidency 

„ ) - 0*1 

+ 27-1 

Not them ,, 

( Rajshahi 

« ) » + 2-2 

+ 2b b 

Eastern ,, 

(Dacca an i 

Chitta- 


gong Divisions) 

... + s-o 

+ 69-6 


The Chittagong Hill Tracts are excluded from tfte latter, as they 
differ in every way from ordinary plains districts. t 

The figures for total expansion since 1872 suggest good health 
conditions in Eastern Bengal, unsatisfactory conditions in Central 
and Northern ^Bengal and very bad condition in Western Bengal and 
those for the last decade especially point to a very serious state of 
affairs in Western and Central Bengal. 

3 The figures relating to the density of population per square 
mile in 1872*md 1*921, respectively, aie equally illuminating . — 


• 

Density ot population 

r— w— — —> 

*Incttasc 

• 

• 1 # 72 . 1*121 

# Total 

Western Bengal 

.!. 545 570 

4* 25 

Centra] „ 

... 124 .719 

+ ii.) 

Northern , 

... * 41b MS 

• + 120 

Eastern 

... 479 815 

+ 


• The extraordinary development of the f population in Eastern 
Bengal is due entirely tb natural growth by excess of births over 
deaths ; th^re are few towns and no important industries to attract 



*'<*mi»r&nts • this natural division also, as a m»tter of «»ct, hassloat 
gained by migration. This area afford* therefore an 
rather ‘ han g ^ j expansion occurring in an agricultural population . 

example of normal «p ^ wnmoM . Conations are 

very different m the other divisione, all of which pwgesh 
obviously v y attract immigrates in large numbers* 

W. P .”mUg,fto «*. 

^ ® te , R Bnff al*has a number of towns with many mills and factories 

Wl NortS M include, nearly 200.000 aom .\de, teV 
and ^orth migration from these and other oaases are 

Estimates of the gmn by migr ^ ovef emigrimt9 A m and 

difficult, hutthe «*■ « d t0 J aborft 6 . :} and 7-4 per cent, ot 

S^uCn m Northern Bengal and .V8 and 8-8 percent in 
Cenfral Beng.il. Much ol the expansion in this latter division is 
undoubtedly due to immigrants to its many towns. Western Bengal, 
on the other hand, lost nearly as much by emigration from certain 
or its rural ar<^s* as it gained by immigration into its towns and 
industrial tracts. The conclusion to bt drawn from the facts men- 
tioned is that attention to the conditions affecting the growth of the 
rural population, especially in Western, Central and Northern 
Bengal, is urgently required. 


4. Decline in expansion of population . — A ra<^d<-rate estimate ot 
the normal rate of expansion for healthy populations in Bengal is 
10 per 1,000 per annum or over 10 per cent, in a decade. We may 
assume, therefore, that the expansion ot population since 1872 
should everywhere have been roughly speaking at least 50 per cent. 
Examining the population expansion figures for the four natural 
divisions on this basis, we find that, whereas the t«,tal expansion 
of population in the 22,879 square miles of Eastern Bengal (exclud- 
ing the Chittagong Hill Tracts) for the whole period has exceeded 
this estimate of normal healthy growth by as much as 19*8 per 
cent., the populations of Centra] and Northern Bengal, respectively,' 
have shown on the otJrer hand little more than halt the estimated * 
expansion ; while in the course of *9 years, the population of 
Western Bengal has expanded by only 5*7 per cent. The figures 
for the last decade are even more significant. The population of 
Eastern Bengal has shown an expansion of approximately 8 per 
cent., a figure, rather below the normal 10 per cent, and very much 
less than its former rate oi growth ; the population of Northern 
Bengal has expanded by less *than a quaiter of wh^t might have 
be^n anticipated, and in both Central and Western Bengal there has 
been an actual decline. 

The figures given below show, Cor each of the natural divisions, 
the deviations from the estimated normal rale o\ expansion for 
the whole period, 1872 — 1921, and for the last decide 


Deviation from estimated normal expansion of population. 




Period ot 

Pecade, 



187:— 1921 

1911—1921 



* Per cent 

Pei cent. 

Western Bengal 

Ml 

- 44-3 

-15-1 

Central „ 

• ,,, 

-22 9 

-10-1 

Northern „ 

» 

... * -21-2 

-7-8 

Eastern ,, 

... 

... + lt/*8 

< -2-0 



# 5« What would the present populations of Western, Central Sn4 
Northern Bengal, respectively, be if since 1872 they had expanded 
at the estimated nornal rate of 1 It) per 1,000 per annum, or if ther 
ht$ grown by a total of 69*8 per cent.^qual to the expansion which 1 
^hipactually occurred in Eastern Bengal ? The table below gives the 
answers to these ^questions 


• 

Population 
in 1872. 

Expansion 
at 50 per 
cent 

• 

Actual 

population, 

1921. 

• 

Difference. 

a 

• 

Expansion 
at 60-8 
per cent. 

Difference. 

t» 


i 




a 

Western Bengal 

7,604,661 

11,406,991 

8,0,0,704 

- 3,367,287 

12,912,714 

*-4.873, 0*0 

Central 

8,202,780 

12 404,170 

9,433,144 

- 2,870 626 

13,381,424 

- 3,947,360 

North* ru .. 

8,045,442 

12,068,148 

10,3)8,803 

- 1,709,845 

13,651,143 

- 3,302,860 

Ea-terif „ 

10,980,104 

16,470,7% 

18 630,149 

+2,179,383 

' 18,650,139 

. .. 

• _ 


i 


• 

• 

1 



From the figures given above, it will be seen that if the popula- 
tion in Western, Central and Northern Bengal had expanded at the 
estimated normal rate no^ less than 7,^47,758 persons would in 
the aggregate have been added to the total actually found to be 
existing at the recent census ; and that had the populations in 
these three divisions increased in the same proportion as in Eastern 
Bengal, the increase would have added 12,123,730 persons to the 
existing number, thus making the total population of the four 
div\pions 58,605,420 in place of the actual figure of 46,481,690 
Why has thi£ expansion not occurred ? 

6. The commonest explanation offered is the prevalence of 
malaria ; and colour is given to this view by available data regard- 
ing the relative distribution and intensity of the disease in the 
different natural divisions. Malaria may check the growth of 
even a prosperous popu lotion by inci easing the death-rate and 
reducing the birth-rate. And when malaria is associ ited with 
deficiency of the available food supply, healthy expansion of 
population becomes absolutely impossible. The* food supply of a 
population !s governed by the agricultural production. The statistics 
relating to agriculture in Bengal show that, production varies greatly 
in the four natural divisions. In Eastern Bengal generally, agri- 
culture is prospering, but in the arelis in which malaria is prevalent 
and norma l expansion of population has b« en checked, agriculture 
appears to have suffered relative decline. 

7. On comparing the figures relating to the total cultivable 
area and tjie net area normally cropped in the various division** 
with those of tUe respective populations, we get the Results woted 
below per head of the population : — # 


Acre per head of population 


Western Bengal 
Central „ 
Northern „ 
Eastern 


Cultivable 


0-87 

0-69 

0-90 

0-54 


Net ciopped 

0-54 

0-40 

0-64 

0*H 
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These figures point to a vast difference in the relative fertility 
«of the various divisions. Eastern Bengal is obviously the most 
fertile area, Northern Bengal comes second with a relative fertility 
c 80 percent, that of Eastern ^engal, and land in (Western Bengal 
•and Central Bengal appears in the ratio of 70 and 65 per 
when compared with the same standard. In other, words, art area 
'of a size sufficient to support a population of 100 persohsin Eastern. 
Bengal will only serve for 1 80 in Northern Bengal, 70 in 'Western 
Bengal and 65 in Central Bengal. As a matter of fact, thrt number 
given for the two latter divisions is an over estimate, because it 
makes n > allowance for the much larger proportion of the popula- 
tion in these two divisions supported by industry rather than 
agriculture. Further light is thrown on this question of nelat\ye 
fertility and its effect on the agricultural prosperity of the different 
-divisions by statistics relating to the approximate proportion of 
the cultivable area cultivated, that lying waste and that occupied by 
•current fallows. t « 

8. It will be seen from the figures given below-how much more 
favourable conditions appear in Eastern Bengal than in the other 
natural divisions : — 



Percqptage 

cultivable 

Percentage 

cultivable 

Percentage 
cur ent 


area, culti 

waste 

fallow* 


v ited 

Per cent 

Pei cent 

Per cerp. 

Western Bengal 

<;i 

26 

l:; 

Contra! „ 

58 

18 

24 

Northern ,, 

71 

14 

. 15 

Eastern 

90 

7 

:$ 


Western Bengal is apparently only just over two-thirds and 
Central Bengal under two-thirds as well cultivated as Eastern Bengal 
-and in Northern Bengal* only 4 acres are cropped against every 5 
cultivated in Eastern Bengal. Again for every acre ot cultivable land 
lying waste in Eastern Bengal there are in proportion 2 acres lying 
uncultivated in Northern Bengal, 2^ acres in Central Bengal and 
;W acres in Western Bengal. As regards land lying fallow, it would 
appear to be in proportion 4*3 times as common in Western Bengal 
as in Eastern Bengal, five times as common in Northern Bengal and 
eight times as common in Central Bengal. In connexion with the 
question «of fallows it must be remembered that the term as ordinarily 
applied in Bengal is really a misnomer. The fallows of Europe 
and American farming consist in land that is ploughed but on which 
no crop is actually sown. Whereas in Bengal current f allow usually 
means land ;which is temporarily out of cultivation Yn contradistinc- 
tion to waste land which is permanently uncultivated. 

9. To those familiar with the i elation between lock of cultiva- 
tion and growth of useless vegetition and the presence of malaria, 
these facts have a special significances It may be asked why do not 
the people in Western, Central and Northern Bengal cultivate a largeV 
proportion of the land than they do ? The answer to this question 
lies at the root of the problem of malaria prevention in Bengal, and 
before Healing with it attention must be directed to a few mortf 
figures relating to the agricultural conditions existing in tlje various 
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divisions.* The figures noted below refer to the average deviation 
from the estimated normal production of rice during the ueriod 
1901 — 1 01 1 and for the year 1^18 : — 


Percentage crop deficiency. 


# 1901 - 11 . 191 ? 

Western Bengal ... -22 -38 

Central „ ... .. P -21 • -34 

Northern „ ... ... -12 * -49 

Eastern* „ ... ... - ? -27 


• 

w Tbe figures that have been quoted show how very much less 
favourable arc* agricultural conditions in Western, Central and 
iJorthern Bengal than in Eastern Bengal. 

10. What is the explanation of the remarkable difference in the 
agrfcultural prosperity of the four natural divisions? The main 
causes of Jhe disparity observable may besummedtnp in three words : 
(I) water, (2) manure ancb(3) labour. *The area that is most pros- 
perous is thj one enjoying the largest water-supply, receiving the 
greatest amount of manure and in which th * population, hence the 
labour efficiency, is least affected by malaria. And conversely, the 
least prosperous # areas are those where the majority of the population 
is subject to recurring attacks of malarial fever. 

11. Water-supply . — In agriculture, watei-supply is of supreme, 
importance. <c It is only when we fully appreciate the important 
role played by water in crop production that we are in position 
to see how necessary to large yields is the right amount of water 
at fhe right t time ”, says King. Water not only rendeis cultivation 
possible hut largely governs th^ resulting outturn. “ Experience 
as well as numerous rigorous experiments have shown,” says Hilgard, 
“that under ordinary conditions of culture and within limits varying 
for different soils and crops, pro lmtion is almost directly propor- 
tioned to the water-supply during the period of active vegetation. ” 
Turning to the following rainfall statistics of the province, we find 
that Eastern Bengal, where agriculture is most flourishing, where 
population has grown most rapidly and wher^ malaria is least 
pret alent, enjoys a much heavier rainfall than the other natural 
divisions. Whereas Western and Central^ Bengal, where malaria is 
intense, population decadent, and agriculture is in a parlous condition, 

receive the lowest rainfall : — 

« 

Rainfall of Bkngal. 


formal average of natural divisions . 


Westers Bengal * 
(’entrai „ * ... 

Northern „ ..1 

Eastern 


Inches 

57-00 

01-02 

81*77 

.>4-85 


The normal average rainfall of Eastern,Bengal is about 60 per cent, 
greater than that of Western and Central Bengal. Apart from 
any othfr factor this alone is sufficient to secure an immense 

14 
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supenorifcy in agricultural production. The cultural experiments 
of Tucker and Von Seelhorst have shown for example that an 
increase of less than 60 per cent. in*the moisture provided raised 
the yield of oats by 63 per cent ton unmanurcd and S7 per cent* on* 
manured soil, respectively. An abundant supply ot water is evl^tf 
npora essential in the case of wet crops. Take^ the case of rice. A 
former Director of Agriculture in a special report on the 1 cultivation 
of rice emphasizes its need' of abundant water in the following, 
words : — 44 Compared ?vith the advantages of a proper supply 6f water 
all other questions in its cultivation, namely, the quality of the seed 
usd'i, the i nature of the &oil on which it is grown, the manures 
applied and the mode of cultivation adopted are things of very minor 
importance.” If this view is correct, Eastern Bengal, which enjoyo 
the heaviest rainfall, should produce the best rice crops ; and what 
do we find? “The yield per acre of cleaned rice is estimated, at 
11*02 cwls. for winter rice and 7*34 cwts. for the early and spring 
crops ”, says the Imperial Gazetteer. And then it qualifies the state- 
ment with the significant remark : “ In th enrich rice swamps of Eastern 
Bengal, the return is at least half as much again.” Local rainfall is 
not the only source of the water supplied to the land in Eastern 
Bengal. Much of this favoured area is subject to natural irrigation 
with river water. 44 It is the height and duration ofrthe flood, even 
more than the local rainfall, which decides whether the harvest in 
.Dacca will be good or bad ”, writes Mr. B. C. Allen, I.C.S. “These 
floods serve a double purpose for they not only supply the crop with 
the moistuie it iequir^s, but they restore fertility to the soil by the 
rich deposits of silt which they bring down.” The process of natural 
irrigation by river water, referred to in the above passage, inci eases 
the yield partly as a result of the abundance of moisture supplied to 
the crops and partly owing to the manunal value of the silt, which 
the river waters contain. “The gneissic laterite and old alluvial 
soils ar j alike mainly dependent upon artificial manures to maintain 
their fertility.” Whereat the recent alluvium is periodically ferti- 
lized by fresh deposits of silt from the overflowing rivers, “The 
latter pi ocess,” adds the Census Report, “is most active in Eastern 
Bengal in the deltas of the Ganges and Brahmaputra, whose waters 
possess the fertilizing properties of the Nile.” Nile silt has a high 
manurial value. 1 “ At soluble commercial fertilizer rates,” says 
Foaden, 44 the value of the mud deposited on an acre is approximately 
equal to £ 1*50.” « 

There is a little question that inundation by the silt-laden waters 
' 4 of the rivers conduces very greatly to the agricultural prosperity of 
Eastern Bengal and the portions of Northern Bengal, which also 
enjoy this advantage. It is these areas in particular which provide 
the bulk of th^ jute harvests upon which so much of* the prosperity 
of ^Bengal depends. Silt-laden \y liter possesses a further advantage : 
it checks the growth of weeds in the fields and in the drainage 
channels; and a f the same time it reduces {he breeding of anopheles 
mosquitoes owing to the fact that for some unexplained reason the 
larvae of these insects appear to bd unable'to flourish in silty water. 

12. Labour efficiency . — It is not easy to form an estimate of 
the relative efficiency of agricultural labour in different parts of the 
province. But the great* prevalence of malaria i A many areas « 
cannot be without its effect. Malarial fever, as is well ^known, 
tends to relapse again and again, and it is therefore a potent cause of 
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sickness and disability. Over-exertion and fatigue are potent factors 
also in determining relapses in ttie case of infected individuals. In 
n^rny parts of JPestern and Central Bengal, over 90 per cent, of the 
rafi^l population is probably infected with malaria, and in these 
•circumstances th$> lo^s of working ^ffigiency must sometimes be very 
great indeed,* especially at the time of harvesting the winter rice 
crop. The average fever indices of the fctar naturaj divisions, which 
ate citeif^n a succeeding paragraph, show a great disparity in 
favour .of Eastern iBengal. In connection with labour efficiency, the 
fact that«the twice-cropped area is far greater where there is leajt 
malafia is possibly not without some significance. With theSe facts 
before jis, we can begin to grasp the causes underlying the more 
rapid growth of population in Eastern Bengal when compared with 
the other natural divisions. And when we have considered the 
figures relating to the relative prevalence of malaria in the different 
areas, we ghall begin to understand the special «charact^r of the 
remedies most like y to effett the amelioration ot malaria in the 
parts of the province specially subject to the disease. 


formal tw 4 ce- Percentage ot 

Natural Division** cropped cultivable 

aiea area 

Wt stern Bengal ... 379,000 acres 5*3 

Central „ ... 784,500 „ 12*3 

Northern „ ... 1,649,100 „ 17’0 

Easter u „ ... 2,046,700 „ 20*0 

B 


13. The relative prevalence of malaria , — The fever indices 
given below also show that malaria is far more pravalent in Western, 
Central and Northern Bengal than in Eastern Bengal : — 





1868 

1812 

1920 


Per cent. 

Per cent. t 

Per cent. 

• 

Western Bengal 

21-9 

40*9 

. 51-7 

Central ,, 

17-3 

’32*3 

44*9 

Northern ,, 

22-3. 

23-7 

33 ft 

Eastern* 

9-3 

7-5 

14-0 . 


What is the cause of the disparity ? Before attempting to answer 
this question, we # must briefly glance at the salient facts relating to 
the disease. •Malaria is caused by a small animal parasite inocculafed 
into the *blood of men through the bite of anopheles mosquitoes.* 
These mosquitoes are not najturally infected with malaria but have 
first to obtain the* parasites* by sucking the blood of human beings 
already infected. Now mosquitqps require water in which to breed ; 
th^ adult insect^cannot exist for many days in a dry atmosphere ; and 
the malaria parasite alsd requires a certain temperature to enable it to 
develop in the body of an anopheles mosquito. Before malaria can 
bqpome prevalent, in any locality, or at given season therefore 
certain conditions must fulfilled : (8) firstly , infected human 
beings musf be present ; ( b ) secondly , suitable collections of surface 
water for the breeding of anopheles in sufficient numbers must 
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exist ; (c) thirdly the humidity of the atmosphere must*be favo*. 
Me to the longevity of anopheles , ayd (d) fourthly^ the temperature 
•of the atmosphere must be high enough to allow the parasite to 
develop . Although (ft) and ( 9 ) often occur at evefy season of #| %% 
year, malaria cannot spread unless the conditions (c) and (d) J me 
•satisfied also, which usually <?ccurs only du xiAg fhe 9 wet season. 
Malaria naturally tends to ^ncreise therefore during the ^et season/ 
and the majority 6f new infections are as a rule contracted* during 
this period. But otfing to the variable incubation period, w%ich may 
extend to several weeks, and the fact that the sudden onset of 'colder 
(fit ys a nU nights tends to determine attacks of fever in those <-who 
have become infected and bring out relap3*s iu persons who harbour 
the parasite, it often happens that the greatest number of actual cases 
of malarial fever occurs after the end or* the rains just at the begin- 
ning of the cold season. Thus, it often happens that when cases of 
malaria are most numerous the conditions actually responsible for 
the presence of the infection have for t]ie moment passed^way with 
the change of the season. The greatest mortality from malaria is 
usually met with at a still later period owing to the fact that persons 
who are chronic cachetics fall victims to malaria in far greater num- 
bers than do those who are suffering from the initial acute attack 
that usually follows first infection. Malaria, as«.ve have seen, is 
chiefly propagated during the wet season, as a direct result of 
the climatic conditions and the great increase of facilities for the 
breeding of anopheles, which ordinarily occur at this time of the 
year, owing to the ‘‘multiplication of collections of surface water. 
But in certain circumstances, to which special reference will be made 
subsequently, an increase of surface water instead of favouring the 
breeding of anopheles, tends to diminish their number. The nature 
of collections of water in w T hich anopheles breed, their size, the 
character of the water and the temperature to which this water is 
raised by the heat of sun, all have an important bearing on the 
multiplication of anopheles. Small collections of water in pools, ’ 

* drains and streams, which possess a large proportion of weedy edge, 
are most favourable to anopheles larvae, owing partly to the amount 
of shelter and fo8d provided and also because the temperature of the 
water remains i relatively low. Large collections of water possess 
a relatively smaller ratio of dangerous edge to surface and tend to 
have a higher temperature. Exposure to the sun may render them 
very upfavourable for mosquito larvae while muddy river water 
appears to be inimical to anopheles larvae. Now the cultivation of 
rice is carried on during the rainy season, which coincides with the 
periods when anopheles mosquitoes ordinarily tend *to multiply, and 
the transmission of malaria infection therefore becomes,, most active, 
i In °the circumstances best suited to the growth of Mce in Bengal, it 
might be thought that the amelioration of malaria was a hopeless 
undertaking,* because it is often assume^ that increasing the water 
must also increase the mosquitoes and the resultant malaria. But, as 
we have seen, Jhere is ^ point beydh^ which an increase of surface 
water instead of being favourable to anopheles larvae becoriW 
unfavourable to them, and results in their rapid destruction. This 
explains the apparent anomaly that those districts, which have the 
highest rainfall and possess the greatest* amount of surface watfcr 
during the cultivating season, are the areas where malaria (£ least pre- 
valent. where agriculture is in a most flourishing condition and 



•whew the rttml populations have multiplied at a rate far in (excess of 
uftoat might have been thought possible. An ample supply* of 
surface moisture therefore confers a double benefit, improving the 
yield of tjie crops and protecting the population from malaria, and 
these benefits are most conspicuous io^the areas liable to inundation* 
» vrikKh silt-*aden river water. Although malaria is chiefly propagated 
in thS wet seascfti, its ravages becomennosi apparent when that season* 
•is over. The anophefes have by this time practically finished their 
yeason’s^work. and no attempt to reduce ftieir numbers can therefore 
have mtlch effect. It follows that when malaria is causing the 
greatest amount of sickness anil mortality the only remedy that can 
prone immediately useful is the relief of the sufferers by adequate 
treatment of the disease. If sufficiently intensive to cure ttie indi- 
viduaband sufficiently extensive to improve the general health of 
the community the remedial treatment of malaria by quinine may 
effegfc a considerable irnpro\ement in the conditions of a limited 
population. But it offers little hope of effecting # a permanent ameli- 
oration of*malaria in a locality, because it leaves conditions relating 
to the breeding ol anopheles*(which are fhose primarily responsible 
for the existence of the disease) absolutely unaltered. The aim of 
the sanitarian, therefore, must be to change or control the environ- 
ment, so that conditions during the season when malaria is actually 
propagated are •made as unsuitable as possible for the breeding 
of anopheles mosquitoes, while at the same time the human popu- 
lation is benefited directly and indirectly by the measures adopted. 

14. Western Bengal . — We are now in a position to examine the 
data relating to individual districts in Westtyn Bengal with a view 
to discovering the areas in that division most urgently in need of 
remedial measures. The expansion of population in the districts of 
this area between 1872 — 1921 and 1911 — 19*21, respectively, are given 
belovr : — 



1872-1921. 

1911- 1921 

Burilwau ... 

... - 3-1 

- 6-4 

Birbhum ... 

... - o-r> 

- 9*5 

• 

Binkura ... 

... + 5.5 

- 10-5 

Midnapur 

... + 4-6 

- 5-9 

Hooghly ... 

... - 3-6 

• 

- 1*1 

w 

H^owrah ... 

... - 56-2 

+ 




The figures show that, since 18J2, there has been an absolute 
decline of population in tlfjee districts and that during the last decade 
the process of depopulation h is extended and accentuated, five out 
of the six districts being largely decadent The area of the decadent 
thanas aggid^ated fv‘139 square miles in 1911, &nd there is little 
doubt that the recent census will show a considerable increase when 
the figures become available. Some i # dea of the waste of human 
Mife that has occurr ed* in this division dui'ing the past 50 years may 
be obtained by an estimate of the deviation that has taken place 
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fjom tb% normal rate of increase at JO per 1,000 per annum. The 
•following figures give the districts arranged in order to show the 
greatest loss of natural increase : — 

Since 1872 


Hooghly 

Burdwan 

Birbhum 

Midnapur 

Bankura 

Howrah 


.Per ce*)t. 
v 

... - 5:wi 
<... * - 5,H 
... 

... - 45 * 4 . 

... - 44 -*' 
... 4 - 6*2 


These figures show that the Howrah district is the onlj one that 
has experienced a satisfactory growth of population. Part\>f th*is 
growth is owing to gain by immigration. The remaining districts are 
in a parlous condition, ami it is obvious from the figures of*, the 
last census that radical measures of relief are required in every one 
of them. ‘ „ r c 

15. Fever indices m Western Bengal . — The fever indices noted 
below show that with the exception of Howrah every district is 
seriously affected with malaria : — 



1 ‘*20 

141!. 

Mt an 

Burdwan 

... 62-8 

544 " 

5S-6 

Hooghly 

... .%*4 

36-k 

47 -t> 

Bankura 

... 55-1 

24*7 

39-9 

Birbhum 

... 54-.) 

39-1 

46-G 

Midnapur * ... 

... 40-2 

31-6 

:$:> 9 

Howrah 

... 201 

2:VC. 

•21-9 


The disease is, as a whole, less intense in Mid n pore and Howrah 
than in the remaining lour districts. There are considerable v iria- 
tions in the local intensity of the diseise in the different districts. 
The data a\ailable regarding the fever indices of a number of 
different localities in each district suggests the following classification 
tor each district : — 



Intensely 
ru.il triou*. 

MaUrio 

Slightly 
in »1 irious 

- 

Per cent. 

Pei cent. 

Per cent. 

Burdwan ... 

..r 72 4 

24 ‘0 

3-4 

Pooghly ... 

... 47-8 

391 

13 0 

Bankura ... 

... 4(5*1 

3-4 

15-3 

Birbhum ... 

... :u-2 

68*0 

o-o 

Midnapur 

... 26-9 

4t>*l 

' 2C,-9 

Howrah 

... o-o 

50*0 . 

5(V0 


The healthiest portion of Burdwan is* situated Jn the Asansol 
subdivision ill the extreme west of the district ; in Hooghly, the low- 
lying portions of the Singur and Chamlitola thanas are relatively 
free of malaria ; in Bankura the* high uildulating tract in the west of 
the district is the most healthy area ; in Midnapur, the low-lying 
Contai and Tarnluk subdivisions contain the least malarious 
localities ; and in Howrah, Khe southern half of the district is les% 
malarious than the portion to*the north-west/ 
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Fever death-r ates. — The following mean fever-death rates' of the 
ten years 1911 to 1920 emphasize the extreme unhealthiness of every 
district except Howrah, but show that Mianapnr is not yet quite so 
bad as tlje other four districts ; # thi,s is owing to the fact that nearly 
^a third of the <1 strict is still relatively healthy 


Mean of *1911-20. 

Birbhum ... 

I Burdwan 
Bankura 
‘ Hooghly 
Midnanur 
Howrah 


34*5 

28-9 

26-2 

24 ^ 

21*2 

11*9 


•1*\ Omcltistm regarding Hie Burd.van Division,— (1) The need 
of re me dml measures in the majority of the districts of the Burdwan 
Division is obvious fr ;in th$ facts staiecUubove. 

(2) Work is urgently required in at least five out of the six 
districts. 

(3) Hoogbly and Burdwan have been longest unhealthy and have 
lost in the aggregate the greatest population. 

(4) BirbhuiA and Bankura have both suffered very severely from 

malaria and loss of population in recent years and are rapidly 
approaching the condition of Burdwan and Hoogbly. ' 

(5) A large portion of Midnapur is retrograle. 

(ti) Howrah district is at present far lefts unhealthy than the 
others. 

17, Central Bengal. —The following stitement gives the 
expansion of population in the districts of Central Bengal for the 
total perio I LS"2 — 1921 and the decade 1911-21 : — 




H?2— I'l.l. 

inn— i95i 

^l-Fai ganas 

. « • 

... +6')0 

+ 7* 

Nalia 

••• 

... - 0-3 

-81 

Mur.^hidabad 

... 

... + 2-5, 

- !)-.’> 

Jessore 

... 

... +19-7 

-1-2 

Khulna 

... 

... .+ 39-5 

+ 68 


Nadia district has experienced an absolute decline of population 
as compared with 1872, whereas all the other districts have shown ( 
some increase, though that in Murshidabad is insignificant. During 
the last decade, three districts, Nadia, Murshidabad and Jessore, 
have lost population, the two first very considerably. 2i~Furganas 
and Khulna, wliich show the greatest aggregate increase* are th$ oqly 
■districts that ha\ e gained population® in the lust decade Jessore in 
which the aggregate gau\of population siuc^* j 872 is*about half that 
•of Khulna, has. lost groan 1 slightly since 1911, The decadent thauas 
in the division at the time ojf Hie census iji 1911 covered an area of 
o,2t!2 square fniles, situated almost wholly in Nadia, Murshidabad and 
•Jessore. At the time Jessore had in proportion the largest area 
decadent, but there is little question tfcat f precedence in this respect 
#< inust now be given to Nadia and Murshidabad. The deviation from 
the estimate i normal rate of increase of population for each district 
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during tbe past 49 years may be seen by reference to the figure® 
noted below which are arranged in the order of the greatest pro- 
portional loss : — « 

1872—1921. (911— Mil. 

Per cent. Per cent. 

Nadia ... -50\V ' -1 «*le 

Murshidabad ...‘ -47*5 -19*3 . 

Jessore » ... -303 * -11*2^ 

Khulna ... -10*5 - 3*2 < 

24-Parganas ... +15*0 - 2*2 

It will be seen that, with the exception of the 24-Parganas, vhere 
the growth of population has exceeded the normal rate of ihciejise, 
every district has losj; ground ; the two most decadent districts being 
Nadia and Murshidubad, while Jessore comes midway between these 
two districts and Khulna, wtere the deviation from ‘the normal has 
been lelatively small. These figures suggest the need of remedial 
measures in the first three districts named, the need being especially 
urgent in Nadia and Murshidabad. 

18. Fever indices .— The fever indices given below relating to 
various districts of Central Bengal show that malaria is widely 
, prevalent, but that while the disease is intense in Nadia, Murshidabad 
and Jessore, it is less prevalant in the 24-Parganas : — 


t 

1920 

1912. 

Mean. 

24-Parganas 

... 35-4 

29-4 

Si’4 

Nadia 

... 5:5-9 

3t>-7 

4.V3 

M urshidabad 

... 57-4 

33-9 

45-7 

Jessore 

... 45-8 

42-0 

43-9 

Khulna ... 1 * * 4 

... :57 -2 

28-1 

32-7 


The examination of different localities in each district gives the 
following lesults :-j 


t 

Intensely 

malanouH 

Malanou« 

Slightly 

malarious. 


IJer cent. 

Per cent. 

Per cent. 

Murshidabad 

... 50-0 

45-8 

*4-1 

Nadia 

... 3(5-0 

60-0 

4-0 

Jessore 

. 15-0 

85-0 

• o-o 

24-Parganas 

3-7 

62-9 . 

2.1-3 

Khulna 

0-0 

70-8 

29-1 


4 * 

1 < 

These figures show that half of Murshidabad, more than a third 

of Nadia and about a sixtfy of the localities in Jessore ate intensely 

malarious. In Murshidabad and Nadia, a few localities near live 
rivers are still relatively healthy. In Khulna, considerable propor- 
tion ot the low-lying S^unflarbans tracts are healthy and in the 
24-Parganas the Diamond Harbour subdivision is, as a whole; 
relatively free of malaria. t 



xxm 


•19. Fewer death-rates , — The following mean fever death-rates* dt 
the decade 1911*20 show that Murshidabad and Nadia have been 
specially seriously \ffected, and se far support the conclusions arrived 
at* by a cSmsidqjation of the population figures and the fever* 
lances : — • 

* Mean 1911^20. 

Per thousand. 


^Murshidabad 
lladia • 
Jtessore 
Khulna 
1 24-Parganas 


# 34*0 

32*8 
24*9 
19*0 • 
16*3 


The Drianage Committee for the Presidency Division in 1906-0? 
put forwaijjl the view that th* districts of Jessore and Nadia were 
the most malariops in the division, although the£ mentioned that 
there was a tract of some 1,919 square miles in thi Murshidabad 
district in which the disease was of marked virulence. But the facts 
that have been brought forward in this note seem to show that 
Murshidabad, at least in recent years, has suffered as severely as 
Nadia and that •these two districts are in a worse condition than 
Jessore, which has long been notorious for its unhealthy climate. 
It would appear, therefore, that while every district in Central 
Bengal requires attention, efforts should be concentrated especially 
upon Murshidabad, Nadia and Jessore, and that if any order of 
precedence be given it should be assigned to tne districts in the 
order named. 

20. Northern Bengal . — The following statement, which ghes the 
percentage increase of population for each district of Northern 
Bengal since 1872 and during the decade 1911 — 1921,sh<w3 that 
conditions in this area compare favourably with those of Western 
and Central Bengal. But they are not wliolly satisfactory. No 
district, it is true, has suffered an actual decline of population since; 
1872, but the increase has been very small in Rajsbahi and in 
Pabna ; Raijgpur and Dinajpur also indicate very slow expansion. 
The figures for the last decade also indicate a loss in two districts,, 
Pabna and Malda, and an insignificant increase in Rajshahi and 
Dinajpur, while in no district hap tjie increase exceeded the very 
moderate rate of 6*6 per cent. 


Population expansion. 





1872—1921. 

19.1-1921 

• 

Bajshuhi * 

• •• 

Ml 

+ 48 

+ 0-7 

Dinajpur 

• 

..% 

+ 18-9 

+ 0-8 

Jaipaiguri 

• 

• • • 

+ 124 8 

• +3-8 

Darjeeling 

• •• • 

Ml 

+ 196-2 

+ 6-0 

Rangpur 

• 

t 

• • • 

*+ 16-3 * 

+ 5-0 

Bogra 


III 

+ 63-5 

+ 6-6 

Pabna 

*"• 

M 

• +* 15-1 

£ 

-2-4 

MAlda 

• •• 

Ml 

+ 47-3 

-0-5 
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< 21. f If we examine the deviation from the estimated normal rate 

of growth since 1872, Rajshahi, Pabna, Rangpur an°d Dinajpur 
appear to have suffered severe checks of normal expansion. In 
the case of Malda also, where population has developed at a rate 
closely approaching the normal, it is clear fro&i the small loss 
report d at the last cens is that the district is now on the down grrie t 
Bogra has more than exceeded the natural rate of growth and in 
Jalpaiguri and Darjeling the expansion has been extraordinary. 
In the former district, population has on the average grown at 
times the normaj rate and in the latter at almost exr ctiy four 
times this figure. 


Rajshahi 

... 

... 

- 45-2 

- 9-‘i 

Pabna 

... 


- .54*0 

- 12-15 

Rangpur 


• • • 

- .TV7 

r -VO 

Dinajpur 

... 


- ai-i 

- 9 '2 

Malda 

... 


- 27 

-10 5 

Bogra 


• 

- 1 ‘.-5 '• 

- 3-4 

Jalpaiguri 

... 

• • • 

- 1 4‘8 

- 6-2 

Dai jeeling 

... 

• • • 

- U6-2 

- 4*0 


22. The fever indices of the various districts, noted below, throw 
a rather different light upon the health conditions of North 
Bengal — 


Fever Indices 

in 

Northern 

Bengal . 




I 920 

vn: 

Me m 

Rajshahi ( ... 

... 

29-7 

2MJ 

‘ 29*2 

Dinajpur 

... 

3v4 

33*1 

35-b 

Jalpaiguri 

• • • 

38-1 

21*2 ‘ 

29-7 

Darjeeling 

... 

20'2 

2.1-0 

1 

21-6 

Rangpur 

... 

28*0 

17-1 

% 

. 22-6 

Bogra 


42-0 

16-6 

29*3 

Pabna 

... 

37V 

23-0 . 

30-4 

Malda * ... 

t 

4 M 

4^-4 

. 39-4 * 

40-9 


In 1920 Malda, Pogra, Dinajpur, Jalpaiguri and Pabna were the most 
feverish, whereas eight* y^rs earlier Begra was relatively lesi 
malarious and Malda, Dinajpur and Rajshahi headed the list. 
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Further information as to the relative intensity of o»latia in 
different Iflcilities in the various districts is given below : — • 



Intensely 

malarious 

Malarious. 

Slightly 

malarious 


Bfr cent 

Per cent 

Per cent. 

Jaipaiguri 

... ,27 - 2 

63*6 

9*0 

Majda *.iit 

23-5 

76*4 

0*0 

Bogra 

16 ft 

77*7. 

5*5 

Efebna 

14-2 

71*4 

14-2 

,Dilu*jpur • ... 

15*0 

S2*6 

4*3 

D%rjeeling ... 

9-0 

54*5 

36*3 

Rangpur 

7 5 

52*5 

4(V0 

Rajshahi 

0-0 

77*7 

23*2 


23. Fever death- rates.— The main lever death-rates of the 
deca*to 1911 — lt20 show Dinajpur, Malda, Rajshahi anti Jaipaiguri 
to be more* unhealthy than the remaining district*, while Pabna is 
low down on the* list. It must be remembered that these rates are 
all calculated on the census populations of 1911 and as a result the 
fever death-rates for Jaipaiguri, Rangpur, Darjeeling and Bogra 
appear too high and that for Pabna too low. In so far as the figures 
appear to represent Pabna as more healthy than Malda and Rangpur, 
they are probably misleading. Th*^ tendency in this division as a 
whollli is to find the largest proportion of death recorded under the 
head of “ Fever ’• and the fewest under 44 Other causes,*’ hence the 
fever death-rates are swelled to abnormal proportions. 


m Mean. 

Dinajpur ... ... ... 34 '3 

Malda ... ... ... 31 •3 

Rajshahi ... ... ... 31*2 

Jalpiguri ... ... ... 30*7 

Rangpur ... ... ... 29*4 

Darjeeling ... ... ... 28*8 

Pabna ... ... ... 27*4 

Bogra ... ... ... % 24*3 

• 


24. Eastern Bengal . — Reference has already been made to the 
extraordinary expansion of population in Eastern Bengal, and the 
figures for tbs* individual districts are merely given balow for the 
sake of comparison with those of the other divisions : — 


Dacca 

... 

+ 76*0 

r 8*5 

MynKmsiqgh 

... 

+ 105 2 

+ 6*8 

Faridpur 

... 

+ 44*3 

+ 4*8 

Bakarganj 

• 

•*i 

+ 39*0 

+ 8*0 

Chittagong 

. . • 

+ 42*6 

+ 6*8 

Tippera ♦ 

... 

+ i>9*4 

+ 9*4 

Noakhali 

• •• 

... .+ 74*9 , 

+ 12*9 


It will be seen at once that this natural division exhibits 
% very marked* oontrasj to the other ^fhrbe. The causes of this 
diflferencej will be discussed later meanwhile attention may 
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bfe ^directed to the figures relating to deviation v from th# 
estimated normal expansion in the last 49 years. In fofir 
districts, the actual expansion is iu excess of this, a fact which 
proves conclusively that the standard assumed , is not too high. 
In three districts, the rate 6t expansion is below^the normal. Ih 
the case of Bakarganj, the fact that the total expansion sinQe 
1872 has not reached the norr&al estimate of §0 per* cept.^ is largely 
due to the great storm wave of 1876, which directly or indirectly* 
caused enormous^oss of life. In the case of Chittagong, emigration 
is a very constant and heavy factor. For example, 1 in 1877 
emigrants exceeded immigrants by 8 per cent, and in 1911 by 
5 per cent. In the case of Faridpur, the northern half of the 
district is decadent and has long been suffering depopulation from 
causes similar to those affecting the neighbouring districts oC" Nadia 
and Jessore. This part of the district requires measures for the 
amelioration of malaria. The figures for the last decade show that 
only one district, Noakhali, has actually exceeded the esti- 
mated normal rate of growth but i\\ the case of Tippera the 
deviation is \ery small. As we shall see by the fever indices 
referred to below, these two districts are at present less affected by 
malaria than any other part of the province : — 


Bakarganj 

3873 — 1921 

Per cent 

... -11*0 

1911 21 
Per cent 

-2*0 

Chittagong , 

... - 7*2 

-3*2 

Faridpur 

... - 5*7 

-5*2 

Dacca 

... +16*0 

- 1*5 

Noakhali 

... +24*9 

+ 2 9 

Tippera 

... +39*4 

-06 

Mymensingh 

... + 55*2 

- 3*2 


Fever Indices . 



1920 

1912 

Mean 

Dacca 

... 16*4 

7*1 

11*7 

i 

Mymensingh 

... 130 

5*3 

, ’9*1 

Faridpur 

... -26*9 

16*9 

21*9 

Bakarganj 

... 13*9 

* 

10*6 

12*2 

Chittagdng 

' ... '20 2 

6*8 

‘ 13*5 

Tippera 

... 7*6 

¥ 

4*2 

5*9 

Noakhali 

.r. ii*6 

*4-4 

8(0 
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. • 

tThe* figures relating to incidence of fever show that Faridpdr 
is more seriously affected with malaria than any other district of 
Eastern Bengal. Bat the dat » relating to localities, given below, 
throws more lig|t*upon the relative distribution of the disease in # 
tl^s division : — * 



Intensely 

malarious 

Malanou®, 

* Per cent. 

Slightly-affected 
malarious 
% * Percent. 

Varidpur 

m 

0 

42-fe * 

57-1 

w 

Dacca 

... 0 

20*4 

79*5. 

Chittagong 

0 

200 

80-0 

Mjmensingh 

0 

11*6 

88-3 

Bakarganj 

• 

0 

* 

8-5 * 

» 

. 91-4 

Noakhali 

... 0 

5-2 

94-7 

Tippera 

0 

0 

100 


’These figures accord with what we know about Faridpur, viz., 
that about half the district is malarious, although as a whole the ' 
disease has not yet reached the degree of severity met with in 
Western and Central Bengal. In Dacca, abouf a fifth of the district 
is malarious, the disease being most prevalent in parts of the 
Manikganj subdivision and Madhupur Jungle Tracts. In Chittagong, 
portions of the district are malarious; in Mj men singli, parts of 
Tangail and Jamalpur sub livisions are specially affected. In the 
other districts the malarious localities are few and far between. 
Altogether Eastern Bengal offers a striking contrast to the other 
parts of the province in respect to m ilaria, the only areas calling 
lor irnmediite attention being those named above; and even iff 
their case although certain localities are no ^ioubt very badly 
affected, ttfe problem of amelioration does not present the same 
urgent need of solution a* that is offerev^by the districts in Central 
and Western Bengal. On the other hand, Eastern Bengal has its 
own special need, viz., malaria prevention, lrl its way this is as 
important as malaria amelioration. Signs are apparent* pointing 
to the threatened extension of malaria eastward, and precautions , 
are necessary. # if the tragedy of Western and Central Bengal is not 
to be repeated. But this question does not concern us at the 
moment and mAst be made the subject matter of a further notq. 

25. Conclusions as^to districts tn which work must *be 
undertaken . — Having examined figures relating to the various 
districts of the province we can state that in four, Burdwan, 
Birbhum, Hooghly and Nadiaf where population has declined below 
*what it wa# in 187£, measures of Umelforation must be undertaken 
without further delay. And if this is admitted, the districts of 
Fankura, Murshidabad, Midnapur, Pabna, Jessore and Malda, which 
•♦have lost population fince 1921, must*be f included in the list. But 
this selection would exclude districts, such as Rajshahi and Dinaj- 
pur, which have long bem. suffering from malaria, and Bogra, in 
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whi£h the disease appears to have recently undergone great inteiS* 
sification. The best method of coming to a conclusion is to 
arrange the data for all districts in the order of intensity :-tr 


De?»ati m fr ra normal 
expansion. 

« 187*— 1921. 

I e nation from normal 
expansion, < 

1911—1922. 

Mean fcvei 
indices. 

X 

Percentage localitie^ 
i intensely 

** tn»larious. 


Per t* nfc. 

( 

Pei cent 

Per e tit. r 

‘t* 

Pin 

cent 

Hooghly 

., - 53 6 

B inkura 

-20 5 

Burdwan 

58*6 

Buidwan 

72*4 

Burh-uan « 

.. -53*1 

Birbhum 

- 19*6 

Hooghly 

47*6 

Murshidabid .. 

60 0 

Birbhnm 

... - 50*5 

Mursludabad ... 

- 19\> 

Birbhuui 

46*6 

Hooghly 

47 *8 # 

Nadia 

... -50 8 

Nadia 

- 18*1 

Murshidahul .. 

n 7 

Bankara 

46*1 

Murshidabid 

-47*5 

Bird wan 

- 16*4 

Nadia 

45*3 

Nadia 

33*0 

Midnapur 

... -45*4 

Midpapur 

- 15*7 

JessOre 

43*9 

Bit bhum 

31 2 

Rajshahi 

.. - 45*2 

Pabua .# 

- 12*4 

Mtilda 

40*9 

Jalpaiguri 

27*2 

Baukura 

- 44 7 

Jes«oie 

-11*2 

Bank ura 

39*9 

Midnapur 

26*9 

Pabna 

. -34 9 

Hooghly 

-11*1 

Miduapore 

35*9 

Malda 

23*5 

Rung pur 

... - 33 7 

Ma’da 

- 10*5 

Diuajpur 

35*8 

Bogra 

16*b 

D l uajpur 

-31*1 

Raishahi 

- 9*3 

Khulna 

32*7 

JesbOie 

15 0 

J eshOre 

. - 30*3 

Dinajpnr 

- 9*2 

24-Pargauas 

32*4 

Din aj pur 

15*0 

Bakarganj 

. -J1*0 

Julpaiguti 

- 6*2 

Pabna 

30*4 

Pabn i 

14*2 

Khulna 

-10*7 

Faridpur 

- 5*2 

Jalpagun 

29*7 

Dai lee Hug 

9*0 

C hittagong 

- 7 2 

Ilangpnr 

5 0 

Bogi a 

29*3 

Itangpur ^ ... 

7*5 

Fatidpur 

.. -5*7 | 

Howrah 

-4*7 

Rajshahi 

29*2 

24-Pa»g«na«i .. 

3*7 

Maid i 

1 

- 2 7 1 

Dai jeenng 

-4*0 

Ringpur 

22*6 ! 



Howrah 

+6*2 j 

Bogra 

-3*4 

Faridpur 

21 *9 



Bogra 

... +13*5 1 

Khulna 

- 3*2 

Darieeing 

21*o 



24-Parganas 

4-15*0 j 

Mymensiugti .. 

- 3*2 

Howrah 

21*9 | 



Dpcea 

4-16 0 | 

Chittagong ... 

- 3*2 

Chittagong 

13*5 



Noakhali 

- 4-24*9 

24-Pargauas ... 

-2*2 

Bakarganj 

12*6 



Tippera 

.. 4-39*4 

f 

Bakarganj 

-2*0 

Dacca 

11*9 

• 


Mymeusingh • 

.. 4-55*2 

Dacca 

- *5 

Noakhali 

8*0 



Jalpaiguri 

.. 4-74*8 

Tippera 

-0*6 

Mymeusingh 

9*1 



Darjeeling 

... 4-146*2 , 

j 

Noakhali 

4-2*9 

Tippera 

5 9 
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APPENDIX III. 

• 

Relatlonshlo between obstructed Rivers end Malaria lit 

Lower Bengal. 

In Lo Bengal, it has long been observed thitf *a deterioration 
of* the pdhlic health, more especially from an increase of malaria, 
almost alWays occurs in association with the decay of the river 
sySteqjs o£ the delta. It is oft?n stated that the blocking of rive^ 
channels is the immediate cause of this ill- health and Government 
is continually being asked to arrange for the removal of obstructions 
from the beds of khals and rivers in order to diminish sickness and re- 
duce mortality. 

2. An extraordinary amount of misconception .exists regarding 
the epidemiology *of Bengal ftaalaria. Malaria in th j delta tracts, 
contrary to what has long been taught and is still generally believed, 
is rarely associated with a great excess of surface water, even when 
this excess produces actual water-logging of the land and damage to 
crops.* On the yther hand, an intensification of malaria results 
wherever the drying-up of the delta tracts is carried beyon i a certain 
point. This is particularly noticeable in the case of Burdwan, 
Hooghly, Nadia and Jessore. Th^ Nadia Fever Commission of 1881 
remarked in their report : — 

,l In fact as Dr. Sutherland obsetved in 18G8, the district is becoming more 
and more arid, tank** and otn *r reservoirs of water drv up even before the hot 
season, tanks full to ovei flowing m the rains rapidly dr\ up —facts which prove 
that there has been no iucre ise or excess of moisture in the soil. The very 
]iingl», contrary to the assertions of smi<* natives we met, as Dr LidJerdale 
points out, is of a kind which prefers a dry to a damp Jiabitat.” 

3. More recently Babu Bhola Nath Banarji, Executive Engineer 
in charge of the Special Drainage Division, who has been investi- 
gating conditions in Jessore, states in his repor? of September 
1912 

“If we draw a line from Pultia on tyie lihamati to Jhikergacha on the 
Kabadok, the country lying to the north of this line may be generally taken as 
suffering from scarcity of good drinking water . . . This is due to *he silt- 

ing of this part of the country by action of deltaic rivers ; smaller bih do not 

get any flushing from the livers There die no big sized tanks 

in most of the villages, and people have to tiavel a long distance to the nearest 
river or bil for tlieir supply of drinking water. It is reported that tanks in tijose 
parts do n^t hold water, but dry up with the subsidence of the risers, and are 
consequently too expensive to be»gxeavated befrnv the subsoil water level. It will 
not be out of place, if wo not*- Jho fact that the tracts away from t lie liver 
and also places which complain of scarcity of water arid wheie bih and pits dry up 
much earlier, are not free from malai^a as it ought to be, if dampness alone was 
the'fcauseof malaria. Most of Jhenicia subdivision rfnd parts of the Magura sub- 
division, where people suffer from want of water and which are away from the big 
rivers and high lands constitute the most malarious parts of the district.” 


♦This is the elact opposite of what takes place in naturally higher and dri r areas, such 
as the Punjab and Upper Burma 
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1 ( 4. Ifhe increase of malaria which has gone on side tyy side wj^h 
the partial dvyiag-up of certain of the delta tracts of Bengal is* in 
aocord with observations in other parts of the world, for it is well* 
known that large swamps usually remain qaite Wealthy awhile they 
are abundantly supplied with water* whereas they often tend ‘to 
become malarious during the process of reclamation and may remfoim 
intensely unhealthy as long as Hhsy are only* partiklly dried! The 
explanation of ,this is that r large water surfaces are rarely source of 
anopheles mosquitoes, whereas the grassy or weed-grown edge of* a 
-ditch, stream or pool, may often be found to harbour/ enormous 
pumbers of their larvae. And the partial draining or dryipg up of a 
swamp, greatly increases the ratio of this dangerous “ edge ” and may 
lead to an enormous increase in the output of anopheles mosquitoes. 
When this fact is grasped, the great increase of malaria that has gone 
on pari passu with the decay of rivers and the drying-up of delta 
tracts in Bengal may he readily understood. <• 

5. The Presidency Division, which includes the western half 
of the Gangetic d'elta, is 119W much mr>re malarious th&h when its 
network of river channels was active. Formerly, it was kept free of 
malaria by the same agency which maintained the activity of these 
rivers, namely the flooding of almost the whole surface of the country 
during the rainy season with spill water from the rivers. This 
flooding of the country temporarily levelled up tbs surface, abolish- 
ing for the time the greater part of the dangerous ‘‘edge*’ of the 
myriads of dobas , ditches and pools, which would otherwise have 
supplied enormous numbers of anopheles mosquitoes. And although 
mosquitoes undoubtedly increased when the floods began to fall, the 
season was then so far advanced that no great spread of malaria 
-could occur. This was probably owing to the fact that anopheles 
mosquitoes do not become infected with malaria when the 
temperature has fallen below a certain minimum, neither do they 
survive sufficiently long to gain infection from malarious patients 
and become capable of transmitting it agiin if the atmospheric 
humidity is low. The hooding of the country with spill water from ' 

t the rivers, besides preventing malaria, had the effect of flushing the 
hits and it also kept the water-courses open. This was owing to the 
fact that the emrmous volume of comparatively clear t water, which 
had to be discharged from the land surface at the end of each flood 
season effectually scoured out every channel. Hence the increase of 
malaria in the delta tracts of, Bengal, the silting up of the rivers 
and khaU and the obstructed condition of the drainage* to which the 
increase of malaria has been commonly ascribed, are all due to a 
common cause, namely, the shutting-out-spill water from the 
sur face of the dell a. % 

6. The following passage extracted from an unpublished report 

expiains the mechanism of the process of the river decay in the 
delta — : c 

« , 

“ The deecnpUon of an active delta branch 1 river . — If we examine the head 
of an active branch river or delta effluent* we may observe that the off-take 
from the main liv^r is rougkly tmngulai tr fun nel-Bhaped, t that it gradually 
narrows to a suit of neck where it cuts through the relatively high banks of the 
main river, and that after passing through this neck the channel usually widens 
out a little as it enters the lo 4 wer t country beyond. Suppose we take a boat and 
sail down one of the«»e effluent? during the flood season. We shall first of ail 
observe that its banks are raised slightly above the level of the {surrounding 
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Gauntry so that the land slopes away from the river. And if the level o2 the 
river is high, we may note that water is spilling over wherever the banks happen 
to be a little lower than usual and is^ushiug away inland. At the height of the 
flood season* we shall flnd that, with the exception of the narrow strip of higher* 
land on either side of the tiver, which is usually densely crowded with villages, 
i tifl country appears to be almost wholly submerged. But the wide expanses of 
water, Avhich extend in souje directions as fa? as the eye can reach, are broken here* 
'aud there by distant lines of trees and dense masses cf vegetation marking the 
presence jp f ridges of higher land, which bound the channel of some other stream. 
As we paiia downwards, we shall come after a time to the mouth of a small creek 
or khal* into which water from the river is flowing. Entering this khal, we shall 
fl>d a narrow winding channel passing possibly for several miles inland. At first 
its l)Jnks are fairly high and like those of our river and lined with villages ; l?ut 
if our boat goes forward, sooner or later, we shall pass out into one of the wide 
of water that we have noted from the banks of the river. On returning 
to the river and continuing to travel downstream, we pass the mouths of a large 
uuinbpr of the lehah which serve to connect it with lowlands in the interior. 
These inland depressions form a series of lateral spill basins on either side of the 
river, and whenever its flood-level is higher than that in tba iateial basins, water 
continues to flow frcmi it through 4he khals into them If we examine the same 
river, when the floid season is over and the water is falling, we shall find great 
changes occui ring. In the first place, the current entering the head is sluggish 
aud the wide triangular oil-take is rapidly silting up, with the result that a soit of 
bar is forming acrobs the mouth and probably a large sandbank is showing well 
above the water in tlie centre. When we reach the neck of the effluents, we shall 
• find that a decreasing amount of water is entering from the main river, but 
where the channel narrows there is probably as yet a fair current. Passing 
down-stream, we shall find that the banks are now well above the river-level and 
n i water is spilling over them ; moreover, the shorter and shallower of the 
khals are probably already dry, although the deeper on-*- still contain water. But 
whereas we not* red during the flocd that water from the river teas parsing into these 
khah and flowing away inland we now find their current reversed with water from 
the interior of the country p taring through them into the rner channel. And on 
passing up a ichal } we fi id also that the open couutry beyond, instead of being 
submerged as at our former visit, has now become a huge expanse of rice-fields 
with the crops nearly ready for cutting. The khal winds through those rice-fields 
and finally opens into a hil or permanently-flooded rfrea of lowland in the centre. 
Bils which are the lowest parts of the spill basins on either side of the river form^ 
the drainage sumps of the country, and the khals which lead from them are the 
discharge channels through which the immense volume of water contained by the 
spdl basins djring the flood season eventually passes into the river after having 

deposited its silt and fertilized the land. , 

• 

7. “ The mechanism of silting q,nd scour . — Broadly speaking, a 

stream of water, such as a delta branch river which flows through a 
'Channel composed of sand arid silt, may be said to be in # state of 
silt-saturation. That is, it always tends to carry the maximum 
’•amount of silt # in suspension that its velocity will allow ; and if the 
velocity of ,a silt-laden della effluent were to remain constant it 
would neither s$our nor deposit silt. Hence the silt-laden water, 
which has entered a brajich delta channel from the main river, 
•can only take \*p more £glid matter in suspension if its velocity 
increases, and <jrv the other hand, it must deposit some of its burden 
-of silt wherever its velocity diftiinishes. The velocity cf a stream 
o¥ water is largely governed 6y its voTumeJ its deptlf and the slope of 
its surface. And in the case of delta rivers, which experience alter- 
nating periods of flood and low water, these factors are constantly 
Varying so that the velocity of the streams Subject to very frequent 
changes. uAs a consequence of this, most delta channels (especially 
those above tidal influence) tend to silt up at certain times of the 

15 
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< «• t' 

yean During the flood season, active delta effluents take oflHroin the*' 

main river much larger volumes of water than can be accommodated 

in their channels ; and this surplus water spills over their banks or 

finds its way into their lateral spill basins by backing up 0 through 

the khals . Thus it comes about*thut an immense volume of watej* 

collects upon the surface of thf low-lying country, adjacent to an 

gtctive delta river and is held up there as long'as the stream is in 

flood* And at the end of the flood season as the water-level in the 

stream is falling, tlxis huge volume of spill water escapes, producing” 

tremendous scour in 'every klial or discharge channel through v'hich 

it passes, flushing them out in a very effective manner. This ocour ( ing' 

actl’on extends to the river-bed also, ancl thus effectually counteracts 

the natural tendency for it to become silted up at the end ,of the 

flood season. 

8. The system of a delta effluent.— A delta effluent possesses a 
very complex system^ consisting of (A) the head or off-take from the 
main river, (B) the< central channel, (C) the numerous khah or small 
branches leading off from the central channel, one season acting as 
distributaries and at another as feeders, and (D) the lateral spill 
basins on each side of the central channel of the effluent, with their 
hits or drainage sumps, which are connected with the river system 
by means of the khals. Under natural conditions, aoriver system of 
this kind performs a double function : during low water the lnls r 
i khah and the central channel serve the purposes of drainage, carry- 
ing off water from the depressed land surfaces of the lateral river 
basius : but in the flood season the water-courses cease to be drains, 
and entirely reverse their action, taking on at this time the character 
of irrigation channels. It is to this system of natural irrigation that 
active deltas owe their fertility. But this fact has attracted little 
attention in Bengal, so that the importance of maintaining tree river 
spill from the point of view of agriculture has been almost entirely’ 
overlo r ked. Moreover, the other important function of the river 
spill in the delta to provide for the natural scouring-out of the water 
channels has almost escaped notice with the result that irretrievable 
damage has been done to the rivers in many parts of the delta owing 
to the restriction ofpfree river spill as a direct consequence of the 
construction of thousands of miles of embankments. Thefee embank- 
ments have beemdesigned, either for the controlling of the rivers or 
for the purpose of railways ancj roads. But whatever their object, 
their effect has been the same, namely, in the first place* preventing 
the flood irrigation which formerly enriched the land and kept it free 
from malaria and in the second place, disorganizing the natural 
system of flushing or scour which is so essential to, delta channels 
if they are to remain open. As a direct result of these embankments, 
the soil of jnany districts has become impoverished, harvests have 
diminished and malaria has increased ; moreover, silt and sand have 
accumulated in the beds of many of the riters to suoh an extent that 
they have ceased to be active streams. 

9. The importance of irivero spill.— importance of fres river 
spill in keeping open the channels of the delta is, perhaps, more 
easily grasped if a few points are illustrated by figures. Let us take, 
the case of an active delta, effluent with a total course, allowing, 
for curves of about 150 miles. A streahi of this length will* 
traverse in a direct line about 100 miles of country and in its active 



XXX111 

4 

s!*te may •possibly feed 1,000 square miles of lateral river badlns. 
At flood season, it will take off from ifcs parent stream a far greater 
volume of # water than that requiflsd to completely fill its own channel. 
This excess watef Spills over ifcs banks and probably submerges a 
gr^at part of the 1,000 square miles oi lowland or spill basin adjoin- 
ing itj> If, at the height of the flood, frhe mean depth of water upon, 
•the 1,000 apihre miles 1>f land surface is three feet, over 83,000,000,000 
cubic feet of water will be held up alongside th^rtver, ready to be 
aischarg%d from tjiat channel as soon as the floo^-level permits. At 
the heighl ot the flood, the spill water on the land surface becomes 
nearly stationary and owing to its loss of velocity is forced to deport 
almost the whole of the solid matter it originally carried . 0 As the 
le^el of*the river falls, this enormous volume of silt-free water begins 
to move once more and passes gradually from the surface of the 
country into the river channels. And as soonas it is in motion, it 
begins to take np solid matter into suspension and scours out the 
channels tlfrough which it passes. If the flood water on the 1,000 
square miles of sprill area run#off at the rat5 of an inch in the 24 hours 
it will form a stream larger than the Thames at Teddington with a 
volume of 27,000 cubic feet a seoond ; and if, in its passage through 
the Ichals and the river channel, this water attains a mean velocity 
sufficient to enatye it to lift and carry away one volume of silt in, 

, 400 (the water of the Ganges and Hooghly during flood often carries 
250 parts of silt per 100,000), it will have removed by the time it has 
entered the sea over 200,000,000 cubic feet of solid matter from the 
beds of the watercourses along which it* has flowed. Roughly speak- 
ing, jthis would represent a deposit a foot deep and 100 feet wide in 
about 4 00 miles of channel. This is the kind of scouring-out process 
\\liich goes on during the time of a falling flood throughout the 
whole length of an active effluent channel below the ^ff-take ; and 
it is entirely owing to this process that the upper reaches of branch 
channels in the delta are kept open and active 
• 10. Silting at the head of an effluent. ^^he off-take of a delta 

branch river, as we have already seen, is wide at the mouth and 
contracted at the neck. This contraction has a double effect : during* 
a falling flood in the main river it serves as a chegk to the velocity 
of the entering water with the result that silt is deposited in the 
wide triangular mouth : and with a rising flood in the main river 
an increasing amount of water is poured into the off-take with the 
pressure of tfie rising flood behind it, producing tremendous scour 
at the contracted neck so that much of the silt and sand deposited 
in the off-take during low river is washed away. Therefore, the 
tendency of a jjelta effluent to silt up at its head during a falling 
flood is iargely counteracted by this ten lency to scour with a rising 
flood ; tlyis as long as every other part of its system [s working 
efficiently, the vitality of the stream restored at every flood season." 
The silting at the* off-take "•when the mam river is falling seems to 
be a protective process whi<?h automatically shuts off the supply of 
silt-laden water at a time when the decreasing velocity of the current 
wbuld tend to fcause a depositfon of sttt in "the lower channel. And 
just at the time when’this silting of the off -take is taking place the 
lower channel is being thoroughly scoured out by the run-off from 
it* lateral spill -basins. # Hence a silted-np off-take and deeply- 
scoured lo^irer channel would appear t?> be the natural condition 
of a healthy branch delta river at the end of the flood season. 

15 A 
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1*1. Silting-up of the khals. — In the case of khals lea'Uing fronf 
the bils , an alternate process of silting and scouring also occurs, 
put in this case the process is the exadt opposite of that whioh occurs 
at the off-t$ke of a branch rivet, for silting takes pl#ce witn a rising 
flood and scour during a falling flood. We have already seen th$t 
Hl8 are the lowest portion of lateral river basins which form the^ spill 
reservoirs of the rivers in their vicinity. Bilk are usually-possessed 
of both afferent 'and efferent khals. The former are merely the f 
drainage channels which serve to carry the water frpm the periphery 
of the basin to the bit or drainage sump, whereas the fhtter are 
th« channels through which the water collected in the lateral ^pifi 
basins is finally discharged into the river during a falling flood. Spill 
water enters river basins either by free flow over th^ banks#of the 
rivers or through small khals which take off from the river. During 
high flood in the river also water not only pours over the banks^into 
the basins but backs up through the khals or discharge channels until 
the level in both batsins and river is the same, and at thit time silt, 
often in large amount, is deposited in thtf khals . BuDwhen the water- 
level of the river falls, ihe rush of clear water from the spill basins 
clears out these channels most effectually as the following example 
from the Dacca district will show. In 1877, there was a very low 
flood in the Brahmaputtra, aud the khals in the Mapikganj subdivi- 
sion became partly silted up as a result of it. But in 1879, there was 
a high flood and it is recorde 1 that — 


“ The increased volume of uater which left the surface of the tl anas duiin^ 
October and Novembei J8C9 had the effect, as stated by the District Engineers, 
of deepening some of th^e khals by as much as 2£ feet.” «■ 


12. The vitality of a delta effluent depends upon the integrity 
of its spill basins. — Although it is commonly believed that the 
decay of a delta effluent is primarily due either to the blocking of its 
off-take or the silting-up of its channel, changes of this sort are not 
the real cause of the trouble. An effluent system, as we have already 
%seen, consists of a head or off-take from the main river a central 
channel, and a net-work of khals together ^ith a series of lateral 
basins into which the river spills over when it is in flood. And it is 
these spill basins that form the most vital, and at the same time the 
most vulnerable 1 , part of the whole system. For while they continue 
to receive an adequate supply^of spill-water at every flood season, 
the vitality of the whole effluent system is maintained, whereas 
deterioration of the central channel, the khals, and the off-take 
through the permanent accumulation of silt is bound to occur 
whenever the spill area of a river is restricted, eitfier by natural* 
changes or as a result of artificial interference. J^r. Addams 
'WilKams, in a recent series of lectures, has graphically described the 
silting that has been going on#n a certain of the tidal channels in 
the lower parts of the delta, pointing oqt that this*condition occurs 
wherever tidal spill is restricted. And exactly the, same principle 
applies in the case of the fresh-wate* fhannela of the upper delta, 
the only difference being tha{ in this case jve are •dealing withal 
spill of fresh-water during a flood season, in place of a spill of salt 
or brackish water at every high tide. Ooce the vital importance 
of this process of “flusn alternating with%flood” has been clearlf 
grasped, the necessity for maintaining the integrity of# the spill 
area of delta channels can readily be understood. For it follows 
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|hat whe# the integrity of the spill basins connected *wi th* the 
elfluent channels of the delta is destroyed or if from any cause 
the volume of the flood water* passing into these basins is greatly 
reduced, «vater-|<yirses are sooner or later bound to be obstructed 
By silt and sand which gradually acctmulates in their beds, 

% 1J. The de$ay 9 of a branch river in the delta . — From what 
, has been# stilted abofe, it should be obvious that, in the absence 
of this natural system of flushing, effluent channels* cau never 
self«cleansin^, but must eventually become # more or less com- 
pletely blocked. To make this point clear, let us take the case 
>f ^hypothetical delta effluent that no longer spills over the country. 
Suppose this stream to possess a current whose mean velocity during 
flood exactly equals the velocity at which silt-laden water from 
tfie main rivers enters it. In this case the net amount of solid 
matter carried down to the sea by the effluent during the flood 
seaSon cannot exceed the amount brought into its channel from 
the main* river, and the scour that occurs i nitty; deep and narrow 
parts of its channel will bo exactly balanced by the silt deposited 
in the wide and shallow reaches. But when the volume of the 
stream decreases after the flood season, its velocity will, of course, 
diminish and a certain amount of silt will then be deposited in 
its bed. And if year after year this process is continued nothing 
can prevent tlfe channel from eventually becoming almost com- 
pletely blocked up In actual practice, other factors, such as rainfall, 
etc., have, of course, to be taken into account But broadly 
speaking, a process resembling that just described is now going 
on in many of the river channels in th^ oldef parts of the Gangetie 
della. For, on examining one of these dying rivers, we find, in 
the first place, that, at end of every tiood season, silt begins to 
accumulate in its bed as the velocity of the current diminishes, 
and remains theie because the Tun-off of relam ely clear water 
from the lateral river basins is so small owing to the shutting-out 
of river spill that it cannot provide an* efficient scour. In the 
second place, we may see that the silt deposited in the khals when 
water from the river is packed up in them at a time of flood* 
remains in their channels owing to the tact that the bih with 
which they are connected only provide a veify little water for 
flushing out their beds when the water-level of* the river falls. 
From what has been stated, it should be'clear that the accumula- 
tion of silt % in the channels of \ delta river system is directly 
due to the greatly-diminished supply of water receive^ by the 
adjacent land surface ; and this silting-up must not be regarded 
as the primary cause of the decay of the river channel, but should 
rather be looked upon as a symptom of the disorganization of 
the systenf of Jaterai spill basins which has led to their being 
deprived of an adequate supply of water during the flood season. 
A change of this sort May come a%out naturally , as for example, 
when a deha river has Raised its banks to such an extent that 
water can no 9 ldnger spill otyr them even at high flood . But it 
appears mor% often to be the result of artificial interference, such 
as that occasioned by river embankments or to the shutting-out 
of free river spill owing t<> the construction of r ads and railways . 
*The causes of xiver decay are, therefore, to be sought, not in the 
Effected channels themselves, but upen the adjacent land surface 
of the delta. It follows that attempts at merely clearing the bed 
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eft: ft damaged waterway cau rarely effect any permanent improve- 
ment. Moreover, work of this kind may in some oases actually 
accelerate deterioration, as, for sample, when the off-take of a 
•stream, already shut off from its spill basins, «i^ dredged during 
low flood so as to allow a larger volume of silt-laden water to 
enter it from the main river. # A case of this sort occurred re^en€y 
•near Faridpur station where two or three y«a& ago $h^ dredging^ 
of the head ofi a small river, wbos9 spill had been somewhat 
limited by the raising of a road that ran alongside it, «was fol- 
lowed by the trefafendous silting-up of the off-thke and f channel. 
It is possible also that the present deplorable conditio# of tWj 
ufper reaches of the Bhagirathi is partly a result of the attefhpts 
that have been made for years past to keep the head of that river 
open during the season of low water, whilst at the* sanfe tithe 
free rher spill during flood has been almost entirely prevented 
by means of embankments.” • 

14. In the pftat, the question of river decay in relation to 
the public health has be«*fi considered ftnly from the point of view 
of drainage, for medical men and egineers, as well as the lay 
public, have been obsessed by the idea, firstly , that “obstructed 
drainage” is the cau&e of Bengal malaria; secondly, that the rivers 
in the delta are mere drainage channels ; thirdly , tjiat the collection 
of silt and other obstacles in the beds of these channels i* the # 
cause of this obstructed drainage ; and, fourthly , that this condition 
can be remedied by the removal of obstructions from riverbeds or 
by special drainage schemes. It is these views which led to the 
passing of the various Bengal Drainage Acts ; the same ideas 
inspired the Special Drainage Committee of 1906; and sinlilar 
notions underlie e\ery recent proposal for the clearing of dead river- 
beds and carry ; ng out of large drainage projects with the idea of 
improving the public health of rural areas. But none of the remedies 
yet proposed can possibly effect the purpose intended. For the evils 
which require relief areidue neither to water-logging nor to deficient 
drainage. On the contrary, they are the results of a greatly dimi- 
nished supply of surface water. As regards the clearing out of dead 
river-beds, a measure which has often been suggested as a remedy 
for the great deterioration of the public health that has taken place 
in many parts of the delta, it may be remarked that, in the first 
place, this measure will not increase the total supply of water nor 
prevent the growth of weeds, anti although it might Igad in some 
cases to. more water being temporarily diverted down one or other 
moribund waterway, in the conditions generally existing, this result 
can only be obtiined at the expense of other channels, and may,* 
therefore, do as much harm as good. * 

^5. Among the arguments put forward in support fif attempts 

improve* dead rivers by the clearing-avvay of fishing weirs, and 
kamars and by re-opening, if possible, the/portions pf their beds that 
have already been brought under cultiv&tion, the question of de- 
population has been introduced ; and. in a recent base, it has been 
suggested that “tjie removal of obstructions alone would do immense 
good to the drainage and by keeping the river fUive, the depopulated 
villages on its bank may again revive ” It may be remarked that 
the occurrence of depopulation is continually being urged as a reasou 
for carrying out projects of this nature. This being so, it wjll be well 
to briefly discuss this phenomenon of depopulation, which, in the 
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[popular Blind, is supposed to be a direct result of disease.' But this 
view, it may be remarked, only explains how a reduction of population 
is brought about, and provhtas«no answer to the more fundamental 
# qnestion»of why a population declines. Yet it is the latter problefo 
that must be solved if we are to <ftieck the evil. And in this con- 
nexion, the fallowing passage frcyu Mr. Udney Yule’s Theory of 
Statistic^ is illuminating : — " 

, . U . V P°P u ^tion of a district is increasing at a rate f above the average, this 
is prinuLfacie evidence that its industries are prospering: if the population i» 
decreasing or not increasing as fast as the average, this strongly suggests that 
^th^indue*ries are suffering from a temporary lack of prosperity or permtylent 
decay.” k • 

• 

16. The population of Nadia and Jessore districts, which have 
long showed a tendency to decline, are dependent almost entirely 
upftn agriculture ; and the condition of that industry may be 
gauged firom the fact that daring the decade 1 9©1-1 1 the outturn of 
crops, per acre cultivated, Bhs fallen vety short of the normal in 
both Jessore and Nadia, the deficiency being over 30 per cent in the 
former district and nearly 40 per cent, in the latter. The cause of 
this deterioration may be inferred frurn the following quotations : — 

44 DiminishecPfertility of the soil in Nadia. — Theie is a concensus of opinion 
among Euiopeans and natives that, except in the lower lands used for the rice 
crop reaped in the cold weather, there is a distinct decrease in fertility of the* 
soil of Nadia Considering that no land except that used for sugaicane and 
tobacco is ever manured, and that the Ganges floods w^ich are so fertilizing are 
shut out by the embankments of th^ rivers, it is not to be wondered at that 
gradually the soil a I ion hi b come partially exhausted/’ ( Report of the Nadia 
Fever Commission of 1881.) 

u There 19 no doubt that the soil is getting less and less fertile. The average 
yield of crops is low as will bo seen from the fact that the average yield of 
winter rice is 805 lbs. pe»- acre and of autumn rice 835 lbs , while in Jessore 
it is 1,145 and 870, and in the 24-Parganas it js 843 and 1,01 4, respectively. 
Another noticeable feature is that it is becoming necessary to allow the land *to 
lie fallow for longer periods between croppings. During the five years frour 
1904-05 to 1908-09 onl) about 40 per cent, of the total cultivable area was 
actually cropped.” {Bengal Census Report of 1811.) ^ 

“ In Nallia the soil is deteriorating on account of the gradual lilting-up of 
the rivers.” {Report of the Director of Agriculture, 19 10- 11 p) 

“It is reported that cultivation has suffered from the deterioration of the 
rivers, which year by year used to deposit^a layer of silt on their banks and in the 
bits during the flood time . . . Tins natural form of fertilization has 

ceased. . . . The area under aman rice is contracting, owing to deficient 

floods.” {Jessore District Gazetteer.) 

“ Owing tOgfhe rivers having silted up at their head . . . the periodical 

inundations^ which used to occur when they were in flood, have ceased. In the 
Jhenida^sub-di vision there have been no floods for the last 15 ^’ears, a«d the 
country is the poorer for it, while in the Magura sub-division the floods are nAw 
comparatively sl^ht and liie land is not fertilized to the same extent as 
formerly.” {Jessore District Gazetteer .) 

17. The ’facts rgcorded'in the passages quoted*afford an adequate 
explanation of the decrease of population that is going on in Jessore 
and Nadia. Any increase of population would be impossible under 

'.the oircumstan'ces mentioned. Depop^fat&n, therefore, is occurring 
in these* districts, because the land can no longer support a popula- 
tion as dense as it once could, owing to the decrease that has taken 
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plaoe in agricultural production. To put it briefly, the populatio jb 
must decline, because the available food-supply has been 
diminished* # 

• 18* In Lower Bengal, river decay, agricultural deterioration 

increased prevalence of malaril and depopulation are all due to one 
common cause ; namely, the shptting-oufc from the Jand surface fif 
# the delta of the flood water which, while it remained onrthp surface 
of the country,, fertilized rthe soil, kept down the number of 
anopheles mosquitoes, and thus prevented malaria, and when ilr 
passed back into the'river channels effectually scoufed out tfoeijr beds 
and so preserved their vitality. And the evils that have ifoliowe# 
thfe stopping of these annual floods cannot be remedied by schemes 
for the tidying-up of dead river channels or the further drying-np 
of a country which is already suffering acutely from a greatly- 
diminished supply of surface water. From every point of view, 
therefore, projects of this scut must be condemned. They are b&sed 
upon an entire {preconception, firstly, of the cbaractej cf delta 
channels; secondly, of the origin of their decay ; thirdly , of causes 
underlying the increase of malaria in the delta tracts ; and, fourthly , 
of the factors responsible for depopulation. Nearly every scheme 
for the improvement of the sanitation of rural areas by drainage 
projects or the betterment of rivers that has been put forward in 
recent years is open to these fundamental objections. Many of 
these proposals aim at -removing from the land surface of the delta 
as much water as possible, usually by some system of drainage. But 
measures of this sort, if successful in diminishing tl e surface water 
during the rainy seasen, will almost certainly intensify malaria and 
increase depopulation — the very evils that they are intended 1 * to 
remedy. On the other band, any scheme which will provide for 
increasing the supply of surface water during the monsoon and for 
so controlling it that neither too much is collected on the land for 
agricultural purposes nor too little allowed to remain there for 
health, ought to receive qvery consideration, in view of the fact that 
We now possess definite evidence to show that in Lower Bengal the 
greater the amount of flooding of the land surface during the rainy 
season, the less malaria -will there be. 
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APPENDIX IV. 

Dqalna^e 4 of BUs as Putollo Health Measure. 

For many years, it has been supposed that the mitigation of 
malaria in the # rural tracts of Bengal can best be accomplished by 
. drainage. • And with this view, proposal for the drainage of large* 
swamps or bits are frequently put forward as saaitary measures* 
But an extraordinary amount of misconception exists regarding the 
epidemioVogy of ^Bengal malaria, because receht investigation has 
sho^n thet contrary to what has long been taught and is still gene- 
rally believed, malaria in the delta tracts is not associated* with % a 
great exces^of surface water, even when that excess produces actual 
water-logging of the land ami damage to the crops.* On the other 
hand, an intensification of the disease occurs wherever the partial 
dryfiag up of the country is carried beyond a certain point, this 
condition being particularly noticeable in the dffetficts of Burdwan, 
Hooghly, Nadia* Jessore, Mmrshidabad, »and in a few parts of the 
Dacca and Eajshahi Divisions. 

2, The Nadia Fever Commission of 1881 remarked in their 
report — 

“ In fact, as Df. Sutherland obseived in 18('8. the district is becoming more 
, and more arid, tanks and other reservoirs of w ater dry up even before t lie hot 
season, tanks full to overflowing in the rains rapidly dry up— facts which prove 
that there has been no increase or excels of moisture in the soil. The very ! 
jungle, contrary to the assertions of some natives \vo met, as Dr. Lidderdale 
points out, is of a kind which prefers a dry to a damp habitat. ” 

knd more recently Babu Bholanath Banarji, Executive Engineer, 
in charge of the Special Drainage Division, who has been investi- 
gating conditions in Jessore, states in his report of September 1912 — . 

“If we draw a line from Puliia on the Iehamati to Jhikcrgacha on the 
Kabadak, the country lying to the north of this line may he generally taken as 
suffering from scarcity of good drinking water . . . This is due to 

silting of this part of the country by action of deltaic rivers / 

There are no big sized tanks in most of the viilages, and people have to havel if 
long distance to the nearest-river or bil for their supply of drinking water. It 
is reported thtfit tanks in those parts do not hold water. lAt dry up with the 
subsidence of the rivers, and are consequently too expensive to be excavated 
below the subsoil water level It will lotbeouftof place, if we note the fact 
that the tracts away fiom the river and awo places which complain of scarcity 
of water and tohere bih and pits dry up much earlier, are not free from malaria, 
as it ought to be, if dampness alone wus the cause of malaria. >k>st of the 
Jhenida subdivision and parts of the Magura subdivision, where people suffer 
* from want of w^er and which are away from the big rivers and high lands, 
constitute the most malarious parts of the district.’’ 

3. ffhe view* expressed in the above passage confirm# the state- 
ment made by Babu Umesh Chandra Ghosh, B.L. (one time ttie 
Chairman of th£ Jessore ^Municipality, and Vice-Chairman of the 
District Board )»iA a pamphlet published in 1905, to the effect that — 

9 u It may bef pointed out that »tbe tmhealthin^s of this # district (Jessore) is 
not due to the humidity (if the soil caused by the presence of the 6ih, hut to 
the diseased condition of the rivers. Some of the rivers are half dead, while 
others are slowly dying. The districts of Bakai^gary and Faridpur, which abound 

— - ■— — y — — — — — — - — 

• * This i%the exact opposite of what takes place naturally higher areas such as the 

Punjab and Upper Burma. 
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•with hils'of various sizes, are not uuhealthy. Parana Telihati, \%htch consAs. 
«of more thaii 300 villages, is mostly covered with bils . If one looks at a map 
of the pargana he will see nothing but a vast sheet of water, dotted with ele- 
vated earthen mounds here and there, which are utilized for the* purposes of 
* human habitation. The people, though living in these 652-flogged villages, are 
robust and healthy. There can be no doubt than that the existence of the 
is not the cause of the malaria whicj* prevails in this distj*ict.| 

4. The fact tljat in Jes^ore malaria is most severe on land which is 
relatively high and in areas which are suffering frpm a lack 4 ' of water 
rather than an excess, is in accord with many earlier observations 
in other parts of Bengal. For example, Dr. Jackson, when^repoyptiifg 
aiS 1872*on the outbreak of epidemic fever in the eastern portion of 
Burdwan district, states that — 

“It was more fatal in the higher and better drained than in the low 
lands.” 

c 

♦ 

Dr. Wise, writing in^the same y^ar about the occurrence of 
severe malaria in tbe Manikganj subdivision of the Dacca district, 
remarks : — 

“ The causes winch have rendered this subdivision t he most unhealthy in 
the whole district aie not, I think, didicult to indicate. It is'the ino-d northern, 
the most elevated, aud the driest in the district Tne rainfall is much less than 
4\t Dacca.” 

The Sanitary Cont-missioner, reporting in 1ST 7 on a servere out- 
break of malaria in the Keshpur and Narangarh circles of Midnapur, 
observes tnat — 

“These circles are well raised and compai atively di) , Miff ring as a rule 
rather from drought than excess of the moisture.” 

t The Civil Surgeon € of Faridpur, commenting in I>84 on the 
v prevalence of malaria in the tkanas in the north-west of that district, 
*-adds that they — 

“ Are situate 1 hfgli above the livel of the floxU.” 

« 

And a year later, the Sanitar y Commissioner quotes the Deputy 
Magistrate of Chuadanga subdivision of the Nadia district as 
remarking that — 

u The prevalence of fever in his biibdi vision appeared to be due to deficient 
water-supply.” 4 

* 

• 5. The instances cited abov 4 e suffice to, show that, unlike other 

parts of India, possessed of widely different physical configuration 
and climate, the delta tracts of Bengal almost invariably show an 
increased prevalence of malarial infection whenever the amount of 
water, which ordinarily cdllectg on the ‘land surface during the w£t 
season, is seriously diminished ; whereas viflages in the midst of 
large swamps or situated in badly drained low-lying areas liable to 
flooding during the rainy* season often possess populations of 
superior physique, vitality and fecundity, and at the swne time 
onjoy a comparative immunity from malaria. This fact has 
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frequently attracted attention The Lieutenant-Governor 6t Bejtgfcl, 
in a note upon the Burdwan fever published in 1873, remarked— 

• “I a.M very|inach struck, in Comparing the population returns with the 
(hap, to observe that tt»e highest population^! most exactly corresponds with the 
t%ct marked by Colonel Haig ii\ the deepest colours as mo 9 t in want of drainage 
and fcnprovementf and with a similar ttfcet in Midnapur, which has similarly 
» suffereu fi%m* flood, ana the difficulty of carrying off the water, as I myself 
witnessed a few months ago. Colonel Haig Ogives a viyifl, and, 1 may say, 
horrible description of the tract, as one in which there is absolutely no healthy flow 
of wat^r \%hatevei. and no escape — a hollow in which tin? water stagnates, and a 
^nass of decaying vegetation festers in it ; wliere noxious fuines exhale in |he 
hot\ T eather, while the damp of the raw cold leather, and extremes oi tempera- 
ture then prevailing render it still more uuvvholesome. Yet, in the reeking 
swamps the human race -eeins to have multiplied to a greater extent than any 
where in Iudia — perhaps in the world. It seems,' as if it may be almost said, 
that^we cannot have too much water in this country, and that, in such conditions 
in this climate, all sanitary science notwithstanding, the human race multiply till 
it is wasted^)/ great calamities. As it h, Colonel Haig truly observes that up to 
this time there ha* hem much Ic-*> fever in these reeking swamps than in the 
higher parts of Burdwan and Hooghly where there is a sensible natural 
drainage.” 

In 1884 also, Dr. Ghosh, Deputy sanitary Commissioner, when 
reporting on th^ health conditions ol villages in the Bistupuv tbana 
of the Diamond Harbour subdivision of the 24-Parganas, observed 
that — ■' 

“These village.-, are all situated on the bila (cultivated, and known as the 
bad*) in connection with tin* Kauiapukur nala , the huts are peeping out of a 
vast sheet of paddy fields, and almost every hou^e has to be reached by means of 
a dug-out. Paddy cultivation, fishing and thick farming are their principal 
occupations. The people seem to he in perfect health, children fat and healthy, 
women strong and hard-working, very different fiom what is ^een in a BeDgai 
village. This proves what I have always maintained, that moisture par se is 
not the origin of malaria. There is too large a quantity of water here for it to 

be injurious Go to the south of the Khulna district and parts o if 

Buiisal, cultivated very largely with paddy, and there one cannot help being 
-truck with the fine robust constitution of the people. ” 

6. This extraordinary immunity from fever often ei. joyed by 
bil villages greatly impressed theVmedical men and other officers 
who investigated the Burdwan epidemic. Colonel Haig, R. E., 
reported thit — 

4 ‘ No connexion ha*-! yet been traced between the intensify of the fever and 
proximity to stagnant marshes . . On the contrary, there are numerous 

facts which are absolutely irreconcilable with such a supposition. Some of the 
villages on the herders of the Dankuni jolas have been distinguished eom- 
parative*immumty from the fever, while it has raged in others which are quite 
free from swamp}. The Collector report? that. Chanditola and the neighbouring 
village at the south-west cornei*of these swamps have generally been considered 
“exceptionally healthy. ” 

- - • 

And Mr. Grant, Magistrate of Howrah, remarked in the same 
connexion — 

“ I have only to say fchat everyone whelms* studied the subject must have 
Ueeu struck with the fact that the fever constantly (indeed very generally) avoids 
these horrible swamps, ” 
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* J3abu f Rasncsh Chandra Mukharji reported also that — 

“The villages situated in the approaches to, arulin the very hearts of, the 
^great marshes — the Rajpur jliil, the KaAderah jola , the Bur a jqja and the 
ranchla jola — have enjoyed comparative immunity from fever.” 

And Dr. Sutherland observe^ that — 

u The village ot' f Jenkari is ot*, the edge of a vast tract of swampy country 
and yet is healthy. 1 Not a few examples of the same kind are tq be found 
near.” 

♦ In other portions of the Burdwan Division, the exp#rienp,e 
Dfs. Frewich and Jackson afforded further confirmation of the view 
that villages in very swampy situations as a rule escaped serious 
amount of fever. The former officer remarked that — 

“Villages in the vicinity of large jh ils suffered ver\ little, if at nil, froi* the 
fever. ” # 

« 

And the latter stated veVy definitely that — 

“ Villages on bih have not been more unhealthy than others, but quite the 
reverse, even when their sites are flooded in the rains. *’ 

7. The condition of things described above is by no means excep- 
tional. Lieutenant Colonel (now Sir Leonard) Rogers, I.M.S., as 

• recently as 1901) called the attention of the Simla Malaria Conference 
to the fact that — 

“ In the 24-Purganas, the Sundarban area, which was practically flooded,, was 
the most healthy part of the district. ” 

And Lieutenant-Colonel Fry, l.M.S., in his Second Report on 
Malaria, points out that villages in the Singur ami Chauditola thanas of 
Serampur subdivision of Hooghly (an area iu which the drainage is 
the described as being kk ^ery congested ’*) remain singularly free from 
faalaria. The author of this note also has recently reported on the 
Vixistence of a similar condition of things in the Howrah district and 
in the hi! tracts of Madaripur and Diecu, which all enjoy a remark- 
able immunity fifom malaria in spite of numerous swamps and a 
general excess of surface water. Moreover, there is an exceedingly 
simple explanation of this! appare/it anomaly. 

8. Ross has shown that the prevalence of malaria in any locality 
bears a definite relation to the ratio borne by the number of anophe- 
les mosquitoes present to the human population residing there. And 
he has also pointed out that malaria cannot exist unless the actuaL 
number of anopheles mosquitoes per head of the population exceeds 
a certain minimum. The number ofanophelesrposquUoesoccur- 
rjing'in any ‘place is governed by the facilities which exist f6r their 
breeding, and although insects can only multiply where there is 
water, the character of the collections of uvater available for their 
breeding exerts an important influence upon th% ‘actual number, 
produced. Observations have shown, in the first plaf.e, that small 
collections of water are relatively more favourable to the breeding 
of mosquitoes than large ones ; and, in the second place, that it is 
only the edges as a rule, .especially in the case of large collection^ 
of water which afford shelter to their larvsS And, broadly speak- 
ing, it may be stated that the number of anopheles present in a 
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Jfefinite area is probably determined by the amount of water “ edge ’' 
existing there. If the ratio of edge is low, the anopheles will be 
relatively few, and if it is high, it is certain that they will be 
t^:6oedingfy prevalent ; and as the prevalence of anopheles rnosqui-* 
toes varies with the amount of water %dge, so also will the intensity 
oftnajlaria tend Jo ^jary in the same ^ay. 

9. A Jitrie consideration will show that the amount of water* 

edge in any area is not governed by* the exte^hof water surface 
present «there ; for a large collection of water may have very much 
less of Hie dangerous edge than that provided by a number of 
OTnaJler pools, which in the aggregate possess a very much smaller 
surface. If, for example, we take the case of a circular bil about <&e 
mile in diameter, we have, roughly speaking, three miles of edge, or 
in othe^ words three miles of potential breeding plac s for mosqui- 
toes. If this bil were to be drained absolutely dry, the three miles of 
dangerous edge would of course be abolished, and the bil would 
cease to b^a danger from the point of view of malaria. But if we 
cannot entirely dry the btl y drainage be a very risky measure, 

if it does not reduce the amount of water edge existing during the 
rainy season (the ouly period which we need bother about because 
it is the only season when malarial infection can be contracted). 
The attempt at drainage under these circumstances will not diminish 
malaria, but on the contrary it may lead to an actual increase of the 
disease. The relcaiming of La Chartereuse swamp near Bordeaux 
is a classical instance of this. Work was commenced in the summer 
of 1805 with the result that an appalling epidemic occurred causing 
18,000 cases of pernicious malaria and 3,000 d^iths. Similar results 
ha'tfe been observed in England also. Dr. Paiey, reporting to the 
Privy Council in 1860 on the subject of an epidemic of malaria at 
Peterborough, remarked — 

u The first effect of the impioved drainage of the laige ten district-, of our 
neighbourhood, especially those which were fonnerly constantly co\ eted with 
water, like Whittlesea Mire, has been rather to increase the prevalence of ague.”* 

The ten districts of England are now comparatively healthy, but' 
as is well known, they were specially reclaimed for wheat cultivation, 
and the requisite drying up of the soil was obtained by the use of 
pumps actuated by windmills, replaced in latter •yeais by steam 
engines. ^ 

10. In tjie case of the delta tracts of Bengal, the configuration 
of the land surface, the heavy rainfall it experiences, »and the 
character of the crops cultivated make it impossible to dry up the 

» country during the wet season, and in these circumstances attempts 
at reducing the amount of water on the land surfuc * are almost 
certain to be followed by an increased amount of water edg$, an 
increased production of anopheles mosquitoes and an increased preva- 
lence of malaria* This p?wnt can be easily made clear by means of 
the diagrams attached. Eastern Bengal and other areas subject to 
► flooding are kef>t healthy, owiwg to the fact that in these areas all the 
hollows, pits, dobas and irregularities* of the land surface, the edges of 
which would harbou/ mosquito larvae if they contained a limited 
amount^, of water, are merged in the general inundation, levelled up 

to speak, and thus rendered almost harmless ; whereas in parts of 
the deltft no longer subject to inundation the myriads of potential 
breeding places of this kind are no longer neutralized by flooding, 



and *ft£ a 1 " result enormous numbers of anopheles mosquitoes 
produced during the rainy season and malaria becomes proportion- 
ately prevalent and severe. • . 

• 11. But, although partial drying up of delta tame m*ty b% 
exceedingly dangerous and suggested drainage schemes for the 
tracts of Bengal must only be adapted after the mqst qareful enquiry 
and examination, there are alteratives wbi£h promise •excellent 
results. These alternatives iftay be described briefly as (1) temporary^ 
flooding and (2) irrigation. f # # 

In Bengal, the accidental flooding of malarious areas ha® almost 
invariably led to a temporary amelioration of malaria. And it tydj 
be pointed out that this method of combating the disease was made 
use of over 2,000 years ago by Empedocles, who is recorded to have 
freed the city ot Selenos of malaria by flooding the swamps whicn 
surrounded it with water brought in by means of canals and 
aqueducts. At a much later period also Lancisi made use of thesime 
methods to reduce prevalence of malaria in parts of Italy. 

12. Besides these examples, we have Evidence r o* show that tbe 
introduction of an addea supply of water into specially unhealthy 
areas in Bengal has also led to an improxement in health. 

Dr Coats, when Sanitary Commissioner of Bengal, records the 
fact that — g 

“ The admission of the Damudar water into the Kana Nadi m 1873-74 and 
•1875 was followed by an immediate and marked amelioration in health ” 

And Dr. Dutt of Setfampur, who visited this area in 1879, stated 
that — • 

“The letting in of the Damudar water was a mo^t welcome relief, and that, 
hut for it parts of the country would have been entirely depopulated 
It has b^en allowed to flow iu 1878 and 1879, and the people sa} that the 
epidemic has disappeared since the last two }eais. These tacts leave no doubt 
that the letting in ot the Dan^pdai water in the Kana Nadi and through it into 
thfe khals, drains aud tanks, etc , m the interior of the subdivision, has led to 
mipro\ement ” 

That this view was not merely imaginary i& shown iy a further 
report by Dr. Coajts, wherein he remarked — 

u At a leceut visit, I in^selt found oify two per cent of the people suffering 
from the effect of former fe\eis, enlaiged spleen and anaemia She pathshalas 
were full of* health} boys, not one of whom had splenic enlargement, cultiva- 
tion was going on actively, and people were eager to have increased watei **uppl} 
and drainage.” 

13. 4 In view of the reference to drainage in the abo^e passage, 
it may be urgfcd that villagers in Bengal often clamour for drainage 
and that se\eral large scale drainage schemed ihat haye been alieady 
carried out, notably the draining of the Dahkuni jolas , the Howrah 
and Rajapur swamps, and the Magrahat Drainage Scheme appear 
to have been followed by excellent results. But whafc are the real < 
tacts? Colonel Haig. R.K., reporting on the*Dankuni Drainage 
Scheme in 1878, five years after its completion, observed — ( 

|< « a 

w In the first place, then it may r be remarked that* experience ha* proved not 
merely that it is only in so tar as nrigation can be combined with drainage that* 
the full benefit ot these schemes can lie derived, but that for all practical 



purpose* the improvement is lumt°d to the area for whi 6 h irrigation is available- 
• * ♦ • Contrary to ail expectation, the experience of the five year* which 
have pasted since the completion ofJc.be works Has shown that in 3 ears of 
ordinary rainfall §. • the sluices and drains are required much more for 1 
letting in water from the Hooghly for irrigation than for draining it off , 
r #kU 8 in 1873, during 153 . . days ftoiu June to October in which 

there was a rainfall 34 inches, the sluice-gates were never once opened tor • 
drainage, but^were opened 15 days for admission of water In 1874, with a. 
rainfall m the same months of 4148 indies the sluices weae f not once worked 
for drama$» but dunpg 13 days for ungatiou. In 1875, # the rainfall wa a 34*62 
inohes, and She sluices worked eight days for drainage and 15 days for irrigation 
w *yi a rainfall ot 46 71 inches the sluices were opened for drainage fct- 
eight aays, and for ungation for days. In 1877 with 38 inches of fain, the 
number of days were 4 foi drainage and 22 for ungation The capacity ot the 
slui 0 e» is fact determined, not with reteience to the requirements ot diamage- 
at all, but to those of irrigation , it must be such as expenerite shows to be 
necesi^ry to raise tli% level of water in the low grounds with tne giadaal growth 
of the plants, and tins is prubabty in excess of what i\ required for drainage,, 
though the |*oint has yet to be determined by a year of excessive rain, w Inch 
we have not had since the works wfie finished Tfte ivcnge rmifall 111 Hooghly 
of the five months referred to is given Ly the Meteorological Department at 
50 72 niches These aie veiy curious facts and show what an lirmeuse propor- 
tion of the heavy rainfall of Lower Bengal is consumed in the process ot 
vegetation, the rice plant apparently requmng a great part of it, an 1 the rest 
pab 8 iug ofi chiefly by eaapoiati >u, ft 1 the subsoil diama r e appears to be vei\ 
•small It also appeals fiom what has Icen said that some vuy iinpo r tant 
experience has been gamed in this oui firet experiment tu diamage cn a 1 urge 
scale in Indn, as it is now found that it is sufficient it the disehaiging capacity 
of the diaius is uot above one-ninth of what was oru,mq|}y thought necessary 

• 

The Magistrate of Howrah, also writing of the Howiah anti 
Rajapur Scheme in the Annual Admmibtration Report of 1897-9N 
remarks — 

‘ All the drainage schen es h ive pioved to he of unmet se benefit in reclaim- 
ing waste swamps and improving the othei lands IWey were originally it tended, 
for the draiuage of the swamps 1 ut they ue now adv antageously utilized m 
irrigating the lands, 111 years of drought and scanty rainfall, with fiesli wate 
from the Hooghly river 

More recently 111 1905, the (}oinmissjoner ot» the Burdwar* 
Division stated of these w 01 ks — 

“These schJines have proved very successful in lec) inning the gxtensive- 
waBle swampy lands west of Howrah and lmpioving other lands The suiplus 
vvatei is drained out by the channels and sluices m yeais of heavy lainfall , while 
ni years of'droughj, water from the uvtr is let in for cultivation and drinking 
purposes Thg schemes have been of gnat benefit to the people of the neigh- 
bounng tracts, whi can reap a good harvest m veais of diought^as well as in 
years of heavy rainfall ’ 

• 

And exactly Jhe same "thing may be said of the Magrahat 
Drainage Scheme, which h^s %lso successfully combined the func- 
tions of irrigatfon with that of surfact? wafer control 

14. All the above schemes, it may be observed, although appl ed 
to bil a|eas and spoken of as “drainage ^chemes,” are, strictly 
•peaking, schemes for l^ruation. And # it is owing to this fact that 
tbey havemot led to an increase of malaria in their vicinity For 
although the introduction of irrigation into dry countnes like the 
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Punjab and upper Burma is often followed by an extraordinary 
increase of epidemic malar, a, in swampy ow-lying deltas it has a 
contrary effect, as is shown by the history of irrigation in the deltas 
<of the Kavari and Godavari in Madras. 

* In 1809, Tanjore suffered Scrom severe epidemic malaria whiph 
followed upon scarcity of water 0 owing to the dec^y <*f the irri^amm ’ 
System of the delta originally organized sdme l,600^y^ars ago in* 
connexion with Grand H nicut. Before the trouble was finally 
remedied, Tanjore had lost 25 per cent of its population ; but very 
shortly after a plentiful supply of water for flush irrigation was . 
secure! by the projects of Sir Arthur Cotton, Tanjore, became^ 
prosperous and comparatively healthy district once more. And the 
history of Godaveri is very similar, for that delta district was fast 
passing into a state of decay, depopulation and bankruptcy when 
Sir Arthur Cotton designed the irrigation of the delta. And as 
recently as 1872 and 1873 this area suffered from epidemic malaria. 
The irrigation sygtSrn of the Godavari delta was finallyacompleted 
in 1891, and the Gazetteer #f the Godavstfi district contains following 
reference to the present health conditions in the district : — 

‘’The fact leraams that the delta taluks (unlike irrigated areas in some places 
in this Presidency, the valle) of the Tungahhadra for example) are not greatly 
subject to malaria, and are. in fact, the part of the district «n which it is least 
prevalent.” 


15. A consideration of the facts brought forward in the preced- 
ing paragraphs leads jp the conclusion that in the delta tracts of 
Bengal it is necessary to approach the question of the drainage of rural 
areas with the greatest circumspection. This is all the more neces- 
sary, because of the frequent demand for the drainage of Ills on the 
ground that the carrying out of projects of this kind will not only 
bring new land under cultivation but greatly reduce prevalence of 
malaria. As regards the pecuniary advantage likely to accrue to the 
owners of the land that fhay be reclaimed by such measures, there is 
M no question, as I showed in a previous note, that it may in some 
cases be enormous. But I confess that I fail to see in what manner 
the drainage of jpany of these swamps can possibly benefit the 
health of communities in their neighbourhood that may oe suffering 
severely from malaria. In this cbnnexton I would once more call 
attention to the view, expressed i;i a previous report upon a scheme 
for the drainage of the Arool Bil, that this scheme can in> no sense be 
considered a sanitary measure. Formerly the scheme proposed was 
for the removal of water only. It has been considerably modified 
however and regulators and sluices provided, so thpt the depth of 
water can be controlled. Regulation and control of surface water is 
more desirable than mere drainage, which, while perhaps benefiting 
■admail area of perennial swqrnp, does po at the expense of the 
elevated land in its vicinity. But where drainage schemes can be 
combined with irrigation much lasting good may b£ expected. 



xlvii 


APPENDIX V. 

»loodlng*or Coring by Water as a Method of Antl-malarlat 

Sanitation. 

The article on malaria in Hirsch’s Hsyulbook of Geographical and* 
Historic Pathology, when discussing the effect ®f* floods upon the 
prevalence of the disease, remarks upon : — 

” v^The ftict that, when the wrier is high and the ground completely cove) ed hy%it^ 
the endemic or epidemic disappear*, fresh cases of the disease appearing jhly 
after the watfr has run off and the surface of the country has been laid bare. 
Cfassieai “examples of this are furnished by the malarious regions periodically 
inundated on the banks of the Nile, Indus, Euphrates, Ganges, Senegal, Niger, 
Mississippi and other rivers, where the endemic always begins after the waters 
have begun to subside. There is another illustration of # the fact in those rice- 
fields in India which are always under water, and, as Ansesley remarks, arc the 
least dangerous to Health. Expedience also in Turkey (Sandwith), in Sardinia 
(Morris), at several places in the Southern States of the Union (Mott), in England 
(Royston) and elsewhere, proves that the complete fl )oding of marshy ground, 
and the filling up of standing pools, ditches, and the like causes the endemic to 
disappear as certainly as if they had been dried up.” 

More recently, Deadrick in his text-book on “The Study of. 
Malaria ” (1910) gives the following example of the effect of floods* 
upon malaria : — 

The primary effect of the submerging of land, while the water is high, is to 
diminish malaria. A remarkable example which illustrates this occurred in Holland 
in 1748. The Dutch allowed the land, for defensive purposes, to become o\er- 
flowed. Peace being concluded during t he middle of the summer, the inundation 
was caused to subside, whereupon a serious outbreak of malaria occurred. The 
epidemic was not successfully combated until the land was again submerged and 
kept so until the advent of winter. The effect ni*)i] malaria of inundations is 
almost yearly observed in the valleys of the Nile, of the Mississippi, and of otl&r; 
large streams.” 


Many other authorities also have called attention to very similar 
facts. For example, Davidson stafes that w— 

“ In some*marshy countries, a heavy rainfall diminishes the prevalence of 
fever by covering the marshy ground with a protective sheet of watefc. Thus in 
the Netherlands, it has often been remarked that rainy years are hea'thy years, t 
while ho\ and dry seasons are feverish.” 


j 

Schetibe, speaking of conditions affecting malari^ prevalence, 
remarks that : — 

“ Very heavy # r>in has a deterrent influence on naturally damp Boil . • At 

the height ot the rairij r season . f . in Deli in Sumatra (Martin)^ and New 
^Guinea (Schell Ag), the juinimum uumbe^of cajfes of illness is notified ” 

An^i he explains this by observing t^at^— 

“ A tHorough soaking of the soil is deleterious to the development of the 

mosquito ” 


16 
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Craig' also records that : — 

4 ‘ In many regions however, where abundant lains occur, malaria is raie, even 
|hough the anopheKnes are present. This is explained by tha fact that in such 
regions the rains are so heavy a§d continued that the breeding places df 
mosquitoes are waBhed out and ova and larvce do not have a chance to develoj^pr 
Jhat no infected individuals are resident in tho locality. Ir tbs former instance 
an unusually heavy rainfall may act as a protection against malaria.” • 

• 

Manson too ha9 observed tho same thing and explains ij in the 
following passage : — * ‘ 

<u In s(fme places, particularly in those that * are low lying, flat, and swampy, 
fevers of first invasion disappear almost entirely when the coiyi try becomes 
flooded ... In some places much rain will scour out the mosquito pools, 
in other places it will just fill them . . . The key to the explanation of the 

varyiug relation of malaria to rainfall is to he found in the influence of the latter 

on the local mosquito pods.” 

• 

2. The passages quoted above show that it has long been 
recognized that the flooding of a country may exert a beneficial 
influence upon malaria. And authorities like the late Professor 
Angelo Celli and Professor Julins Mannaberg have always regarded 
flooding or “ covering by water ” as useful measures for the control 
. of the disease The former author refers in his classical monograph 
'on “Malaria according to the New Researches” to this method 

of combating malaria in the following words : — 

« 

‘‘Covering can, so to sp ak, also be made with water. If a stratum of 
watei be made to cover a malarious site, so long as the water remains at a 
consent level there will be brought about a relative improvement . . This 

submersion in certain ca**es is only relatively benefieiil, and its real value 
will have to be tested in the light of the new theory regarding the origin 
and propagation of malaria by means of mosquitoes Thus perhaps will be 
explaii ed what seems to bet a paradox, namely, that the suppression of an 
^$idemie of aquatic origin is brought about by the presence of water ” 

And in NothryigH’s Encyclopaedia of Medicine, the latter 
writer, when discussing the prevention of malaria, remark that : — 

4 . / 

“In swamps, where drainage was impossible, a regular level war aimed at, 
especially during tho summer months, by the regulation of the gin com mg and 
outgoing waiter, and by the building of dams since it was not the surface eo\ered 
with water but that which was alternately under water and exposed to evapora- 
tion, winch was dangerous. ” 


Adding tlyit : — 

tk Exceptionally dunng severe epidemic radical Measures were undertaken, as 
for instance, the copious flooding of malarial fici. This was first put into 
practice by Empedocles, later by Lancisi.” A 


Some investigations by Lieutenant-Colonel Hodgson and 
King, serve to throw a new light upon the rationale of 

phenomena of the kind relerfed to and enable us to understand why**. 
"floating or covering by watSr 99 may be a most useful measure of* 
anti-malarial sanitation. The following passage is extracted from 



Ciieutenaftt-Coloriel Hodgson’s note in the Proceedings o* the- 
Lucknow Sanitary Conference, 1914 

, “Taking the mosquito in its lrftval existence, we found 4hat the optimum 
Aenfperflturo for ahopheles lay between 68®— 78°F. Temperatures above 80°f! 
Ijecame more and more unsuitable, while temperatures of 95° to 104°F. were 
rapidly fatal. 1$ n*y;ure, during the monsoon at Delhi in August, and in 
Madras in iTotember, wji found the surface of pools to vary from 73°F. fo- 
104 °F m the difference being due to the following important 4aots « * 

(^•The coole$[ pools were very small pools lying amongst grass. 

(2) 4be edge of a pool in the day time is cooler thfn the centre. 

(3) -TJJie surface layer is often 3° or 4° hotter than the water 4 or 5 inches 

down at midday. t # • 

(4) Tne water lying at the shallow edge, round grass stems, is the co lest 
\ part of a pool. 

(5) When the average temparature of pooK had risen to 90° or eveu 10U°,, 

, failing rain both at Delhi and Madras was found to be 73° to 77® F., 

during the monsoon. 

(6) Tbt river at Delhi even after long drought tio^er ro^e above 87°F. at 

midday* 

(7) Well-water varied from 8C°F. to 8*2°F. 

(8) The sea at Madras in the monsoon was ROT. 

(9) Small hoof marks in grass might contain water 90 3 4 F. cooler than a laige 
pool 6 inches away, particularly during hot dry weather 

u An Anophelof mosquito lays her eggs in that type of pool which is coolest 
at the time. The struggle for existence rapidly increases above 80°F. and 
temparatures such 104°F. aie fatal to every single larva in less than 18 houis,« 
though this is a temparature at which some pools have been found in nature. 
In the Ttrai in October water varied from 65°F. to 78£F. on the two da^s we 
examined it, and anophele> wete breeding in millions The great destroyer of 
mosquito larva} is nature and her principal means is raising the tempcratuie of the 
water.” 


3. It will be seen from these observations that small collections 
of water and those pos^es&ing a large ratio of weedy edge are far 
more dangerous than large water surface*, because they invariably 
possess a low^r temperatme much more suitable for mosquito larvjy 
than the high temperature to which large collections of watdr 
speedily become raided. This fact helps to explain the beneficial 
effect of flooding upon the prevalence of maiarra. When water is 
admitted in large amount to the surface of a low-lying country, all 
the small pools are converte 1 into i\irge ones ; on the one hand the 
ratio of dangerous edge is greatly reduced and on the other hand the 
temperature of the water is speedily raised with the result, that the 
output of anopheles mosquitoes is restricted. And when this 
measure can be adopted with adjutage from the point of view of 
agriculture* &fto, as it may in countries where the population is 
largely dependemt upon wet crops, a doubly beneficial result mjy be 

expected. • 

4. In regard to tEVuse of flooding a* well as in the case 
of other antimalarial measures specially directed against mosquitoes, 
there is another point whiebi requires consideration. This is the 
fact that, broadly speaking, it is •in the rainy .season only that 
measures* of thiskinuare required. Moreover, it is only at this time 
of the ^ear that they can prove effective. . An examination of the 

ijnonthly curve of admi^ions from malaria Vill show that the disease 
usually logins to show an increase in tfie month of July or August, 
reaches its maximum in September or October and speedily declines 
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-in NSvpmber. If we compare this sickness carve with the ‘carve aW 
■mosquito prevalence, we shall find a remarkable correspondence 
between them. That is to say, the increase of malarial fever always 
■s&pws a correlation with the increase of anopheles tnosqaitoes, aud>q 
speedy decline of the disease always follow a great reduction of the 
q umber of anopheles Once thisepoint is grasped, jt vjill be seen.tMt 
apti-malarial measure-* directed against mosqurtoes to 5e,*effective 
must be carried t)»t during* that period of the year when anopheles 
are active in transmitting infection, and at other timqp efforts^direcfced 
against mosquitoes will be fruitless. Hence we have to consider 
th*?iCondition of land surfaces and the existence of mosquito-^reecying 
places, eSpecially small collection of ^ater, during the monsoon 
months, and we must concentrate our effort upon reducing#the output' 
of insects at this period. In a low-lying country, such as Bengal, 
where the land surface has very little fall »nd where there is a 
heavy rainfall it is an exceedingly difficult task to diminish The 
output of mosquitoes l?y drainage. On the other hand, provided we 
can obtain a sufficient supply of wate^ there should be no great 
difficulty in concerting the dangerous small pools into collections of 
water sufficiently large as to cease to be a danger. This is the 
measure that I propose should be adopted experimentally in consulta- 
tion with the Irrigation Department in all areas in vrhich conditions 
will allow. And for this urpose 1 have obtained a list of irrigation 
# sluices I am informed that in the past \eiy little use has been 
made of these sluices to provide a supply of water, but in consulta- 
tion with the Irrigation Department I am hopeful that steps may be 
taken to utilise rhem during the present year. I have already 
arranged for an examination of the spleen indices of the villa*ges 
serve 1 by these sluices. And it will be possible by watching the 
results of letting in water during the flood season to carry out a 
series of useful experiments at a comparatively small cost. In 
addition to this. I am hopeful of being able in the early future to 
l^ake proposals for the carrying out of one or mor** l^rgei scale 
Experiments on tne lines just indicated. 
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